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GENERAL INTRODUCTION 
Dissertation Organization 
This dissertation comprises two papers that examine soil fertility issues by 
focusing on one measurement of the active soil organic matter (particulate soil organic 
matter) and on the sensitivity of chlorophyll measurements as a technique for 
assessing physiological response of com (Zea mays L.) to various nitrogen 
management practices. The first chapter reviews relevant literature of studies that 
have investigated changes in soil organic matter as a result of soil and crop 
management. The second and third chapters are manuscripts prepared in a format 
suitable for submission to the Soil Science Society of America Journal, Crop Science, 
or Agronomy Journal. The last chapter consists of a general summary and 
conclusions. References cited in the first and last chapters are listed in the General 
References section. 
Rationale and Objectives 
Increased awareness of the environmental implications of conventional crop 
production practices has caused farmers and agricultural researchers to recognize the 
need to develop sustainable land management practices. One of the major resources 
for crop production is the soil, therefore, it is imperative that the starting point for 
developing these practices should be an evaluation of the soil's capability for long-
term crop production. This has led to the concept of soil quality, which is expected 
to provide a basis for evaluating the long-term effects of various soil and crop 
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management practices. Several definitions for soil quality have been proposed, but in 
general it can be defined as the capability of a soil to produce safe and nutritious 
crops in a sustained manner over the long term, and to enhance human and animal 
health, without impairing the natural resource base or harming the environment (Parr 
et al., 1992). One approach to measure and evaluate soil quality is to develop a 
protocol which incorporates indicators that are easily measured and influence the 
capacity of a soil to perform a specified function (Karlen and Stott, 1994; Karlen et 
al., 1997). In this way, a minimum data set of those attributes that are sensitive to 
management-induced changes and are easily measurable can be developed (Doran and 
Parkin, 1994, Gregorich et al., 1995), 
There have been numerous studies on soil organic matter to elucidate the 
changes that may occur under different crop and soil management strategies. In the 
past, there has been emphasis on using total organic matter as an indicator, but recent 
evidence suggests that certain fractions of soil organic matter may be more sensitive, 
and as such, better indicators of the changes caused by management practices. These 
studies have focused on a fraction of soil organic matter that is 53- to 2000-^m in size 
and is believed to be the fraction whose change is easily discernible when compared 
to total carbon. This fraction is referred to as particulate organic matter, labile or 
light fraction and can have a half-life of decades or years (Bonde et al., 1992). In 
evaluating soil quality, it is only prudent that such an indicator be examined since it 
offers the potential to use short-term experiments to get information that may be 
needed to make important decisions about alternative crop management practices. 
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The improvement in agriculture-related technology has led to abundant food 
and fiber, but in its wake it has also compromised water quality in many areas. Use 
of nitrogen fertilizer in com production systems has been linked to the deterioration in 
water quality because of nitrate leaching into drinking water sources. There is 
substantial evidence suggesting that farmers apply more nitrogen fertilizer than is 
necessary for optimum production of com. It is argued that proper management of 
nitrogen fertilizer could reduce the risk of contamination to drinking water, and at the 
same time maintain adequate crop production potential. It is against this background 
that any tools for optimizing fertilizer nitrogen use become important. The 
chlorophyll meter presents a do-it-yourself approach where the producer can assess 
the crop condition at a selected growth stage and make a decision on whether or not 
to apply more fertilizer. This tool could supplement or even replace existing 
procedures which involve soil sampling and sending samples to analytical laboratories, 
both of which are time consuming and costly. 
The chlorophyll meter is a simple hand-held device with a digital read-out that 
is easy to use because it does not require complicated calibration procedures. It has 
been used successfully in predicting nitrogen fertilizer requirement for rice (Oryzae 
sativa L.) and wheat (Triticum aestivum L.). Measurements with the meter are based 
on basic light absorption characteristics of chlorophyll, which has light attenuation at 
wavelengths 430- and 750-nm. Chlorophyll a and b show absorption peaks at 430-
and 650-nm, with little absorption (or full transmittance) in the infra-red range at 750 
nm. Two light emitting diodes (LEDS) built into the measuring head emit light in 
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sequence at 650- and 940-nm. When a leaf is placed in the measuring head, light 
from these LEDS goes through the sample leaf and is received by a silicon photodiode 
(SPD) receptor which converts it into analog electrical signals. A microprocessor 
calculates the ratio of the intensities of the transmitted light and uses this to calculate 
the SPAD (Soil Plant Analysis Development) value. This value, which ranges from -
9.9 to 199, corresponds to the amount of chlorophyll in the sample leaf. To evaluate 
the sensitivity and reliability of this tool, plant and soil samples were taken and 
analyzed in the laboratory. SPAD and laboratory results were compared to evaluate 
the accuracy of using a chlorophyll meter to determine plant nitrogen status. 
The first experiment was carried out to evaluate temporal and spatial changes 
in the particulate fraction of soil organic matter in a field that was plowed after eight 
years of pasture grass. The land had been set aside as part of the Conservation 
Reserve Program. As the program period neared expiration, there was a need to 
evaluate what would happen to the soil if the land was tilled for row crop production. 
Soil samples were collected weekly throughout the growing season and laboratory 
analyses were done to determine total and particulate carbon and nitrogen 
concentrations. Soil pH, nitrate and ammonia nitrogen, potassium, and phosphorus 
were also measured. 
In a second study, chlorophyll meter readings were made on two experiments 
at two locations. One site was a farmer's field near Story City, Iowa and the other 
was located on an Iowa State University Experiment Station near Nashua, Iowa. The 
on-station experiment had several tillage and fertilizer treatments and also compared 
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continuous com with com grown after soybean (Glycine max (L.) Merr.). Treatments 
included chisel plow, no-till, two rates of manure and three rates of nitrogen 
fertilizer. Measurements were done from the time the sixth com leaf was fully 
expanded to mid-siUdng. At each selected growth stage, the fully expanded leaf was 
selected. Readings were taken half-way between the tip and collar of the leaf. A 
separate plot was established and a high dose (approx. 250 lb/acre) of nitrogen was 
applied to it. This was our reference to normalize the chlorophyll readings at this 
site. Soil samples were taken at planting time and a few days before silking. The 
samples were taken on diagonal transects across each treatment at depths of 0-3, 3-6, 
and 6-12 inches. The samples were analyzed for total carbon and nitrogen, nitrate 
and ammonia nitrogen, potassium, and phosphorus. Plant samples were collected at 
the same time chlorophyll readings were done for four of the six dates. No 
chlorophyll readings were taken at the ^st and last dates of plant sampling. The 
plant samples were dried to constant weight, ground to pass a 0.5 mm stainless steel 
screen, and analyzed for total carbon and nitrogen using a Carlo Erba dry combustion 
analyzer. 
Data was collected in the same way at the cooperator's farm. Because of the 
large sampling area, soil samples were taken only at planting and plant sampling was 
limited to three selected growth stages. However, the number of samples collected 
from this site was much larger and provided sufficient information to make a valid 
assessment of the chlorophyll meter as a tool for managing N fertilization practices. 
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Literature Review 
Introduction 
Sustainable management practices have received much attention in recent years 
because of an increased awareness of the impact of crop production practices on the 
environment. The soil can no longer be regarded as an infinite resource, because the 
management practices currently being used are often exploitive and often beyond the 
natural replenishing capacity of the soil. It is, therefore, imperative that sustainable 
crop production practices be developed that will maintain the soil as a resource with 
long term productivity potential. This brings into focus the concept of soil quality, 
which has been suggested as a more inclusive way (Parr et al., 1992) of determining 
the effects of crop production practices on short- or long-term productivity of the soil. 
Soil quality may be defined in different ways depending on the expected function of 
the soil (Karlen and Stott, 1994), but for purposes of crop production, soil quality is 
defined as the capacity of a soil to function, within ecosystem boundaries, to sustain 
plant, animal, and human health (Larson and Pierce, 1991; Doran and Parkin, 1994). 
Water quality has been a major concern in most Mid-Western states because of 
the contamination of aquifers by chemicals applied to the land in the course of crop 
production. Nitrate concentrations in drinking water are reported to be above the 
health advisory limits and have been linked to health problems in infants. On a global 
level of environmental awareness, global warming has also received much attention 
because of its possible impact on food production and perhaps human health and 
survival. Agricultural-related activities are potential contributors to increased 
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atmospheric carbon dioxide concentrations. However, it is well known that the soil 
has great capacity to act as a sink in the carbon cycle. Karlen and Cambardella 
(199S) have suggested that alternative management strategies could sequester carbon, 
and thus reduce the impact of carbon dioxide on global warming. 
The major challenge that exists in determining soil quality is identifying 
reliable and consistent measurement procedures and indices. Plant nutrient and 
several physical and chemical soil analyses are well known, but their prediction of 
soil quality lacks a functional basis. Several methods can tell us about the nutrient 
supplying capacity of the soil. Though these procedures are well tested and easily 
reproducible, they usually require specialized equipment and do not always provide 
information within a short time. However, some of the attributes used in these 
procedures present excellent possibilities for evaluating soil quality. 
Larson and Pierce (1991) suggested that die parameters used to evaluate soil 
quality should be easily measured, reproducible, and sensitive to changes in soil 
management, soil perturbation and inputs. One of the first steps for evaluation would 
be to develop a minimum data set consisting of measurements that are sensitive 
enough to capture management-induced effects in the short- and long-term. Doran 
and Parkin (1994) listed several of the chemical, physical and biological parameters 
that could be used. Gregorich et al. (1994) also investigated the use of some of the 
attributes as a minimum data set. 
Another approach to attain a functional basis for soil quality evaluation has 
been the development of a framework that can be used to make quantitative 
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assessments (Karlen and Stott, 1994). This framework, which assigns weighted 
values depending on the expected function of the soil, has potential for assessing soil 
quality at different scales of evaluation. For both approaches, there has been an 
effort to develop indicators of soil quality that are easy to determine and can be 
measured in the field without resorting to laboratory procedures. 
Soil organic matter has received much attention as a potential indicator of soil 
quality and other changes brought about by cultivation. Soil organic matter consists 
of various fractions with turnover time varying from hours to many centuries 
(Campbell et al., 1967). Turnover times for organic matter in many agricultural soils 
may be decades to centuries, thus the total organic matter content may not change 
rapidly enough for the effects of cultivation to be discerned. In an undisturbed 
condition, the soil would accumulate organic matter until a certain climax is reached 
and then attain an equilibrium condition. When virgin land is brought under 
cultivation this equilibrium is disturbed, and depending on the management practice, it 
can be adjusted upward or downward (Janzen, 1987; Angers, 1992). 
Many studies have demonstrated a reduction in soil organic matter with 
cultivation (Elliot, 1986; Cambardella and Elliot, 1992; Mann, 1986), and also 
indicate that certain fractions of soil organic matter show a manifestation of these 
changes. These fractions represent only a small proportion of the total soil organic 
matter, but they account for many of the changes associated with the fluctuation in 
organic matter under different management practices (Cambardella and Elliot, 1992). 
In addition, these fractions are also a major source of nitrogen, since they contain a 
9 
large proportion of the total nitrogen in organic matter. Measurement of labile 
organic matter, therefore, would provide an index of the potential productivity and 
also serve as an early indicator of the total organic matter trends (Dalai and Mayer, 
1986). 
Soil Organic Matter as an Indicator of Soil Quality 
The soil organic matter pool is generally regarded as consisting of 
plant, animal and microbial residues at different stages of decomposition. It is 
accurately depicted as the organic fraction of soil, exclusive of undecomposed plant 
and animal residues (SSSA, 1987). Soil organic matter determines the inherent 
fertility of a soil and influences its structure and chemistry. It is therefore necessary 
to understand the dynamics of soil organic matter if the fate of mineral fertilizers, 
animal manure and crop residues is to be elucidated. However, many studies that 
underscore the importance of soil organic matter in crop productivity do not attempt 
to evaluate its functional basis with the other parameters that may have been 
determined (Wander and Traina, 1996). 
A definitive role of the influence of soil organic matter on soil productivity has 
been lacking because of the emphasis on yield as the primary indicator of productivity 
(Sikora et al., 1996). Soil organic matter supplies many of the major plant nutrients 
and may influence other biologically-mediated nutrients; hence it is very important in 
sustaining plant growth (Johnston, 1991). Past studies have focused on soil organic 
matter turnover because of the fact that total organic matter turnover rates may 
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require decades or even centuries. There has been a shift in recent years because of 
the realization that some of the soil organic matter fractions may have shorter 
turnover rates (Dalai and Mayer, 1986). This has led to suggestions that selected soil 
organic matter fractions be considered as one of the key attributes of soil quality 
(Larson and Pierce, 1991; Doran and Parkin, 1994). 
Soil organic matter studies and methods of determination have been well 
reviewed (Gregorich and Ellert, 1993; Christensen, 1992; Carter and Gregorich, 
1996). It has been frequently pointed out that the methods commonly used for 
measuring and characterizing soil organic matter do not indicate the biological 
functions of soil organic matter (Motavalli et al., 1994), but only indicate the 
dynamics and availability of nutrients. These authors point out, for example, that 
determination of organic carbon and humic acids does not give any indication of the 
biologically active soil organic matter fractions. In recent years there has been an 
interest in developing procedures that would capture the functional basis of soil 
organic matter, so a brief mention of these methods follows below. 
Methods for determining the labile organic matter fraction can be broadly 
classiiied as size fractionation, density fractionation, and isotopic methods. Separation 
of organic matter into different sizes is similar to the methods of particle size analysis 
employed in determining the physical characteristics of the soil. This gives the size 
fractionation procedure an advantage, since it fits in with the tradition of soil analysis. 
Only now it is applied in a different way. Size fractionation is based on observations 
from several studies which have indicated that the sand-sized fraction (53^m), usually 
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referred to as the labile fraction or particulate organic matter, is the fraction most 
likely to respond to management (Tiessen and Stewart, 1983; Gregorich et al., 1988; 
Cambardella and Elliot, 1992). Size separation can yield several other fractions 
depending on the number of sieves used. Two other fractions that are important are 
the silt- and clay-sized fractions. Changes caused by soil perturbations are reflected 
in the quantity of soil organic carbon as a proportion of the total organic carbon. 
Density fractionation uses a liquid whose density can be varied and in that way 
sq)arate the organic matter fractions depending on whether they float or sink to the 
bottom. The decomposition process and ensuing humification processes result in 
organic matter being associated with minerals as well as those that will be less 
humified. Most density fractionations will yield two major pools that are divided into 
a light fraction and a heavy fraction. The light fraction is mineral free organic matter 
that may be compared to the sand-sized component isolated by the size fractionation 
procedure. The heavy fraction consists of more humified material that is a result of 
dqx)sition of organic matter that is attached to the surface of aggregates or 
sequestered within organo-mineral aggregates (Strickland and SuUins, 1987). As with 
the particulate organic matter from the size fractionation, the light fraction may 
contain as much as 50% of the total soil organic carbon (Christiansen, 1992). It is, 
therefore, considered part of the biologically active or labile soil organic matter pool 
(Janzen et al., 1992; Woomer et al., 1994, Cambardella and Elliot, 1992). Compared 
to some of the past procedures for determining soil organic matter, the physical 
fractionation procedures are less destructive. They also emphasize the role of soil 
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minerals in the important processes of organic matter turnover and relate to the 
function of soil organic matter (Christiansen, 1992). Details of these methods and 
their variations are reviewed by Cambardella and Elliot (1992). 
A third procedure that is gaining widespread use for determination of organic 
matter is the isotopic method. The natural abundance of "C in humic materials has 
been useful for elucidating long-term soil organic matter dynamics. The "C content 
of soil organic matter corresponds closely to the "C content of the plant material from 
which it is derived. There is a negligible fraction of "C during the transformation of 
plant residues into soil organic matter (Stout et al.,1981; Balesdent et al., 1993). 
This isotopic method has been used to estimate organic matter turnover in several 
soils (Martin et al., 1990; Balesdent et al., 1987, 1988). The simplicity of the size-
and density fractionation methods makes them more attractive in situations where the 
sophisticated equipment required for the isotopic method is unavailable. Particle-size 
fractionation has evolved over the past few years as a simple way of determining 
management induced changes in soil organic matter. For example, it has been used to 
investigate changes brought about by straw incorporation (Christensen, 1986), 
cropping (Angers and Mehuys, 1990), or manure application (Christensen, 1988, 
Angers et al., 1990). Studies of grassland soils have yielded important information 
on their transformation to pasture or cropland (Dalai and Mayer, 1986; Zhang et al., 
1988). 
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Particulate Organic Matter (POM) 
Many studies have suggested that particulate organic matter fraction may be 
the best indicator of changes occurring in the soil as a result of cultivation 
(Buyanovsky et al., 1994; Cambardella and Elliot, 1992; 1994; Bremer 1995). 
Particulate organic matter can be defined by particle size, but generally speaking it is 
defined as the transitory pool of organic matter between fi^h residues and humified 
stable organic matter (Gregorich and Janzen, 1995). This fraction contains materials 
that may not have undergone significant transformation, and hence can be separated 
by density or size using different sieve sizes or liquids whose density can be varied. 
Because of its diversity, particulate organic matter can be regarded as a reservoir of 
plant nutrients, and therefore changes in its quantity or concentration are an important 
aspect for continued productivity (Dalai and Mayer, 1986). From the literature, the 
actual size of this fraction or pool appears to be variable, but it is usually regarded as 
consisting of material > 53^m in size. Some studies may further divide this fraction 
into aggregates of various sizes in order to separate the partially decomposed plant 
debris from that which has undergone a fair amount of decomposition. It is important 
to understand the dynamics of soil organic matter, since the results of conservation 
tillage need to be evident within a short period of time if they are to gain wide 
acceptance by farmers (Kay, 1990). 
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Effects of Management on Soil Organic Matter 
The effects of management are influenced, to a large extent, by the inherent 
characteristics of the soil and climate. These two factors are important because of 
their effect on soil moisture regimes which in turn have an effect on the soil flora, 
fauna and processes of decomposition. Management practices such as tillage, 
rotation, fertilizer, and manure application have been found to affect soil organic 
matter and bring about changes in its quantity and concentration (Angers et al., 
1993a; Beare et al., 1994; Bremer et al., 1995). This review will examine some 
studies that have been carried out in an effort to understand the role that each of these 
factors may play in determining the maintenance or loss of soil organic matter under 
various cropping systems. 
Several studies that have investigated the effects of management on soil 
organic matter content and have reported that the distribution of particulate organic 
matter between depths is markedly different between reduced tillage and cultivated 
conditions. Two plausible explanations have been put forward. First, there is 
considerable biological activity in the surface soils of fields under no-till (Doran, 
1980) which aids in the incorporation of organic matter into macroaggregates (Oades, 
1984). Second, the disruption of macroaggregates under conventional tillage could 
lead to exposure of aggregate-protected organic matter and therefore higher 
mineralization rates (Elliot, 1986; Beare et al., 1994). It is also possible that the 
increase in aeration, in addition to the variable temperature and moisture regimes, 
could lead to faster rates of decomposition under cultivated conditions. 
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Effects of Tillage 
The nature and extent of management-induced changes depends on the 
agronomic practices used and on the properties of the virgin soil. Comparisons of 
cultivated and uncultivated soils have demonstrated a reduction in soil organic matter 
with cultivation (Mann, 1986; Cambardella and Elliot, 1992). As will be discussed in 
this review, there is ample evidence that reduced inputs and enhanced decomposition 
of residue caused by higher soil temperature and more soil moisture usually occur 
when a virgin soil is brought under cultivation. Studies that have investigated the 
effects of tillage have, in most cases, concluded that conventional tillage reduces soil 
organic carbon because of disruption of aggregates. These conclusions are based on 
the concept that aggregates provide protection to the soil organic matter. Several 
studies have supported this line of argument, but other studies do not support this 
concept and offer alternative viewpoints. The major point of contention is whether 
physical protection can be proved or measured in a direct manner. Some of the 
studies that have concluded that aggregates or macroaggregates offer physical 
protection have done so by investigating mineralization rates of disturbed and 
undisturbed soil samples or comparing soil samples from virgin and cultivated land 
(Beare et al., 1994a; Elliot, 1986; Gupta and Germida, 1988). The differences in 
mineralization rates can only infer that disruption contributed in a way, to the 
increased mineralization because the carbon was rendered available for this process to 
occur. Several suggestions have been put forward to explain the mechanisms that 
may be involved in the protection of organic matter. Adsorption to clay minerals 
(Oades, 1984) and physical protection by stable macroaggregates (Elliot, 1986; Gupta 
and Gemiida, 1988; Beare et al., 1994a) are plausible mechanisms that could protect 
soil organic matter not readily available for mineralization. Some studies have 
attempted to show the actual physical protection afforded by aggregates (Adu and 
Oades, 1978; Elliot, 1986; Gupta and Germida, 1988; Christensen, 1987). Some 
models that deal with organic matter turnover in soils include a physically protected 
pool of organic matter (Jenkinson and Rayner, 1977; Van Veen and Kuikman 1990; 
Parton et al., 1987). It is clear then, that aggregate stability plays a key role in the 
dynamics of soil organic matter. Studies on this parameter of soil physical 
characteristics have shown that macroaggregates can be considered fairly unstable 
(Edwards and Brenmer, 1967; Oades, 1984; Beare et al., 1994) and therefore easily 
disrupted by cultivation. 
Since macroaggregates play a role in the physical protection of organic matter, 
it is important to understand their formation and structure. It has been suggested that 
macroaggregates are formed as a result of the binding together of primary minerals 
into microaggregates by different agents in the soil (Tisdall and Oades, 1982). The 
ease with which the binding agents decompose is dependent on their origin. If the 
microaggregates are bound into macroaggregates by roots or fungal hyphae and 
polysaccharides, they tend to be much more easily decomposable than when bound by 
clay-polyvalent metal complexes (van Veen and Paul, 1981; Elliot, 1986, Elliot and 
Coleman, 1988). It would then be expected that organic matter loss as a result of 
cultivation may be due to the mineralization of the materials that bind soil organic 
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matter (Elliot, 1986; Gupta and Germida, 1988). 
Cambardella and Elliot (1994) have suggested that since the labile fraction of 
organic matter exists as a result of microbial activity, it may also play an important 
role in binding of microaggregates into macroaggregates. Management practices also 
affect the accumulation of soil organic matter by influencing the amount of plant 
residues returned to the soil and the rate at which the residues and the organic matter 
decompose; thus indirectly influencing the formation and structure of 
macroaggregates. Two other protection methods that have been suggested are 
isolation in micropores (Adu and Oades, 1978) and formation of microaggregates 
(Edwards and Bremner, 1967: Gregorich et al., 1989). Microaggregates may offer 
protection, since they are stabilized by more humified or highly processed soil organic 
matter (Elliot, 1986). As organic matter decomposes, changes occur in the 
composition of the residue. There is a tendency toward having more stable material 
which consists of soluble aromatic organic matter with a high content of acidic 
functional groups (e.g. higher fiilvic acid/humic acid ratio) (Oades, 1984). 
Comparison of soil characteristics of cultivated and uncultivated soil has 
contributed immensely to the understanding of the changes that are brought about by 
agronomic management. Most studies that have investigated the effects of tillage 
have also included crop rotailons, which provides an array of soil and crop 
management practices. For example, Beare et al. (1994a) investigated aggregate-
protected and unprotected organic matter pools in conventional- and no-tillage soils of 
southeastern US. Incubation studies (20-d) of intact and crushed macroaggregates 
(>250/im) showed that aggregate-unprotected pools of soil organic matter were 21 to 
65% higher in surface soils of no-tillage than of conventional tillage. An increase in 
mineralization was observed after disruption of macroaggregates in no-tillage, but 
little effect was observed for macroaggregates from conventional tillage. This 
indicated that reduced tillage led to greater aggregation which in turn protected soil 
organic matter l^om mineralization. In this study, 18.8% of total mineralizable 
carbon was accounted for by macroaggregates in no-till, but only 10.2% of the 
mineralizable carbon was contributed by microaggregates under conventional tillage. 
In another study, Beare et al. (1994b) reported that in long-term studies of 
conventional- and no-tillage, whole soil organic carbon was 18% higher in no-tillage 
(30.7 Mg C ha-i) than in conventional tillage (26.1 Mg C ha O- Tillage did not 
appear to have a signiticant effect on particulate organic matter of whole soil, since it 
made up 36% of whole soil carbon regardless of the tillage. However, it was 
observed that particulate organic matter was nearly 20% higher with no-till than 
conventional tillage. They suggested that these results could be partly explained by 
the fact that there were fewer and less stable macroaggregates (>250 ^m) under 
conventional tillage than no-tillage. 
Angers et al. (1993b) concluded that tillage rather than rotation appeared to 
account for the changes in total soil organic matter. They observed an increase in 
mean weight diameter of aggregates under no-till. In another study. Angers et al 
(1993c) reported that after four years of rotation with barley {Hordeim vulgare L.) 
and red clover {Trifolium pratense L.), conservation tillage increased the amount of 
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organic matter in the top soil as compared to chisel and moldboard plow treatments. 
The amount of carbon was 25% higher under chisel than moldboard plow, but they 
observed a significant increase of organic matter in labile forms. 
The availability of virgin prairie lands has made it possible to establish a 
baseline that could be regarded as the original state of the soils before they were 
cultivated. A paired comparison of cultivated and uncultivated prairie soils showed 
that cultivation could reduce organic carbon and change its distribution in the different 
size fractions (Cambardella and Elliot, 1993). 
The use of '^C CP/MAS NMR spectroscopy to understand the structure and 
composition of organic matter has fine-tuned some of the earlier observations made 
concerning the transformation of organic matter due to cultivation. Short- and long-
term studies of tilled and untilled sites showed that cultivation increases 
decomposition, and that the type of organic carbon in the soil is closely related to the 
chemical nature of the inputs to the soil (Golchin et al., 1995). In this study, it was 
found that the chemical composition of organic carbon occluded within the aggregates 
differed between cultivated and uncultivated sites. They suggested that this was 
probably a result of the organic materials occluded within the aggregates because 
there was no significant change in the chemistry of the clay-associated organic matter. 
One of the conclusions from their study was that there was faster decomposition of o-
alkyl carbon in the cultivated soils. As other studies have indicated, aggregation was 
better in the long-term pasture and there was a strong correlation between the 
particulate organic matter carbon occluded within the aggregates and aggregate 
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stability. This suggests that only some of the fractions of soil organic matter may be 
involved in aggregate stability. 
Angers et al. (1993b) investigated tillage-induced differences in organic matter 
of particle-size fractions and microbial biomass after an 11 yr period. They reported 
that there were no detectable differences in total organic carbon among tillage 
treatments (i.e. moldboard plow, minimum tillage and ridge tillage) at any given 
depth. Reduced tillage increased the concentration of organic carbon in the sand-size 
fraction, but no significant differences were observed in the other size fractions. 
Under no-till, 19% of the total organic carbon was contributed by the sand-size 
fraction as compared to only 7% in the moldboard system. A major observation that 
makes Angers et al. (1993b) study different from others is the fact that removal of 
residue, because of the silage com, did not reduce the amount of total organic carbon. 
This is contrary to results in other studies which indicate that the quantity and quality 
of residue returned to the soil are important in building up stocks of organic carbon. 
Camabardella and Elliot (1994) reported that in cultivated fields flne-silt-size 
particles occluded within aggregates contained the greatest amount of total soil 
carbon. They proposed the term "enriched labile fraction" to denote this fraction 
which appeared to be a microbial activity by-product. 
In an earlier study, Cambardella and Elliot (1992) Compared POM and 
mineral-associated carbon among three tillage treatments (20 yr under cultivation) and 
an undisturbed grassland. They reported that 39% of the total carbon in the native 
sod was contributed by particulate organic matter. They reported that wheat straw-
21 
derived POM had faster decomposition than grass-derived particulate organic matter. 
Other studies have indicated that reduced tillage can influence the accumulation of 
wheat-derived POM (Cambardella and Elliot, 1993). 
Conti et al. (1992) showed that seasonal variations of light organic matter 
fraction in soils under different agricultural management systems in Argentina was 
dependent on soil type, temperature and soil moisture. They concluded in this study 
that in tilled soils, light fraction there was no great variation during the whole year. 
Dalai and Mayer (1986a) investigated kinetics of organic C in six south 
Queensland soils subjected to different periods ( 0 - 70 yr) of cultivation. They 
reported that aggregation and rate of carbon loss were closely associated, probably 
because of the protection offered by the aggregates. In another study, Dalai and 
Mayer (1986) reported that cultivation caused a decline in amounts of organic carbon 
for all particle size fractions of the soils studied. They reported that the least change 
in organic carbon was in the silt-size fraction. 
Dalai and Mayer (1986c) reported that the light fraction contains a small 
amount of carbon when expressed as a percentage of the total soil weight but it may 
account for 15-32% of total soil organic carbon. 
Golchin et al. (1995a) studied effects of deforestation and pastures to estimate 
turnover rates of forest and pasture derived carbon. They reported that forest-derived 
organic carbon declined during the 35 years of pasture. However, the stabilization 
beyond this period of time indicated the existence of two pools of carbon. In a 
another study, Golchin et al. (1995b) reported that the chemistry of carbon inputs 
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determined the nature and changes in organic carbon as a result of cultivation. They 
reported that O-alkyl carbon present as occluded POM was better correlated with 
aggregate stability than total O-alkyl carbon content. 
Effects of Crop Rotation 
Crop rotations are an important way of managing soil fertility in many 
cropping systems. Most of the studies in this area have been done on the North 
American prairie, probably because of the intensive cropping and the availability of 
virgin land for comparison with that under many years of cultivation. Recent studies 
have taken advantage of "C abundance technique to elucidate the turnover rates, 
quantity, and sources of soil organic matter when virgin land is brought under 
cultivation. These tracer techniques make it possible to determine how soil organic 
carbon pools are affected over time by different crops in a rotation. Angers et al. 
(1995) found that a large contribution (35%) of the com derived organic carbon was 
in the macroorganic matter (> 50^m) and microbial biomass. The meadow derived 
organic carbon in total soil organic matter decreased under com cropping at the same 
rate under all tillage treatments. This observation is in contrast to other studies that 
have reported significant differences in soil organic carbon because of tillage 
treatments. Use of the moldboard plow led to an even distribution of corn-derived 
carbon at all depths while it accumulated at the surface in the reduced tillage 
treatments. In an earlier study. Angers et al. (1992) found that 1, 2, and 3 years of 
cropping with either com or barley caused a decline (40.5%) in soil organic carbon 
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and microbial biomass of the surface 0-6 cm as compared to recently plowed meadow 
and undisturbed soil treatments. They also concluded from these studies that cropping 
with either com or barley resulted in no net loss of organic matter and microbial 
biomass, but only a redistribution in the surface soil profile. This observation is 
similar to others that have suggested that total organic carbon does not change 
^reciably within a few years, making it a less suitable indicator of management-
induced changes. 
Using a similar "C technique, Balesdent et al. (1988) concluded that, because 
of its rapid loss prairie derived carbon could be exhausted in about forty years. Thus, 
it must be from an easily mineralizable pool. They investigated the changes in 
organic matter content and cycling that are brought about by soil management and 
cultivation of C3 plants in a soU developed under C4 native vegetation. They also 
showed that organic carbon of prairie origin which persisted after 100 years of 
cultivation, accounted for as much as 61% of the total carbon under pasture and 49% 
under wheat. The higher level under pasture suggests that some carbon is structurally 
labile but physically protected (Anderson, 1979), and that this protection is not 
afforded under wheat because of annual tillage operations. 
Angers and Geroux (1996) reported that recently deposited organic matter may 
enrich and stabilize slaking-resistant macro-aggregates. They used abundance 
technique to determine carbon that was < 15 years old in soils from plots that were 
under continuous com (CJ or mixed C4-C3 rotation for 15 years after cultivation of a 
permanent meadow. Com cropping reduced the proportion of water-stable 
24 
macroaggregates in the meadow soil and their Cj-derived carbon. The water-stable 
macroaggregates showed enrichment with recently deposited carbon as compared to 
the microaggregates and the whole soil. More evidence of the enrichment of 
macroaggregates is provided by the study of Jastrow et al. (1996), in which they 
reported that macroaggregates had higher carbon concentrations of recently deposited 
organic matter than microaggregates. To elucidate these changes, they grew Q 
pasture grasses on former C4 cropland and estimated the turnover times for the carbon 
derived from C4 crops. This study showed that organic carbon concentrations were 
greater in macroaggregates (>212^m) than in microaggregates (53-212 ^m). 
Turnover time for C4 derived carbon was estimated to be 412 years for 
microaggregates, compared with an average turnover of 14 years for 
macroaggregates. This is another indication that old carbon associated with 
microaggregates may be both biochemically recalcitrant and also physically protected. 
Fallow rotation is a management practice used by farmers on the Canadian 
prairie as one alternative for managing soil moisture. This is also true for the Great 
Plains region of USA, where rainfall may not be sufficient for cropping every season. 
Fallow rotation is also used as a way of improving soil fertility. Bremer et al. (1994) 
reported that total and light fraction organic matter were not affected by rotation, but 
mineralizable carbon was reduced during and shortly after the fallow phase. They 
also noted that in fertilized treatments, soil organic matter did not increase, probably 
because the yields were not high enough to generate sufficient residue. Other studies 
have also suggested that high yields are a prerequisite for the maintenance of high 
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organic matter within cropping systems (Janzen, 1987; Campbell and Zentner, 1993). 
They concluded that, current agricultural practices on the Canadian prairie cannot 
maintain the current quantity of soil organic matter. Furthermore, that the best 
indicator of management-induced effects on organic matter was the light fraction. 
In a recent study, Bremer et al. (1995) determined the effect of fallow 
frequency on soil organic carbon. They used soil samples collected between 1954 and 
1992 from a long-term, dominantly spring wheat study conducted near Lethbridge in 
Alberta, Canada. Their results showed that rotations in which a fallow was included 
had lower organic carbon in the top 0 - 15 cm depth than continuous wheat. They 
attributed the reduction in carbon to be mainly due to a reduction in the light fraction 
carbon which accounted for about 1/3 of the decrease in total organic carbon. In a 
another study, Wander and Traina (1996) investigated the effects of conventional and 
organic management practices on soil organic matter characteristics. Organic cash 
grain-based, cover cropped treatments had significantly greater quantities of carbon in 
the humin, humic substances, and light and heavy fractions than conventional cash 
grain-based rotations. The organic cash grain-based treatment had a higher 
percentage and proportion of carbon and nitrogen in its light fraction than the other 
soils. 
Angers (1995) concluded that 11 years of com cropping decreased the total 
soil carbon from 8.32 to an average of 6.59 kg C m-^ in the surface 24 cm. Tillage 
treatments did not significantly influence the decline, but there was greater carbon 
content in the field cultivated treatment than in the others. They reported that the 
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amount of caibon remaining after harvesting com silage was not sufficient to maintain 
soil carbon content at the original levels. 
Buyanovsky et al. (1994) investigated the relationship between observed 
turnover rates of soil carbon in physical fractions and those in theoretical pools. They 
calculated decay rates from the amount of '^C-labeled soybean residue that was still 
present in physical fractions at different times of sampling. They reported that 
turnover time was inversely related to size and ranged from 1 to 3 yr. 
Macroaggregates that included more humified forms of carbon had longer turnover 
rates. 
Campbell et al. (1991a) reported that including a fallow rotation in wheat-
based cropping systems led to a decline in organic carbon because the lower amounts 
of residue returned to the soil. In another study, Campbell et al. (1991b) reported 
that straw removal did not significantly affect the amount of soil organic carbon, 
probably because the roots contributed more carbon than was thought previously. 
Dorioz et al. (1993) studied the role of roots, fungi and bacteria on clay 
particle organization. They grew bacteria and fungi and roots on kaolinite and 
montmorillonite pastes and reported that grass roots altered the pastes in a more 
complex way than the other organisms. 
Janzen et al. (1992) reported that the frequency of summer fallow affected the 
amount of light fraction carbon. They reported that continuous cropping maintained 
higher levels of light fraction. They concluded that the light fraction was a sensitive 
indicator of management-induced effects. 
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Jastrow (1996) used a chronosequence of restored tall grass prairie to 
investigate the relationship between the formation of stable macroaggregates and the 
accrual of particulate and mineral-associated organic matter. It was concluded from 
this study that mineral fraction carbon controlled the rates of decomposition of inputs 
of organic debris. 
CHANGES IN PARTICULATE ORGANIC MATTER AFTER PLOWING OF 
FORMER CONSERVATION RESERVE PROGRAM LANDS 
A paper to be submitted to Soil Science Society of America Journal 
M. M. Siambi and D. L. Karlen 
Abstract 
Soil quality and its determination have received much attention in recent years. 
A number of indicators have been suggested for inclusion in a minimum dataset for 
the determination of soil quality. The Conservation Reserve Program (CRP) provided 
an opportunity for evaluation of particulate organic matter as an indicator of changes 
in organic carbon. A site in Taylor county, Southwest Iowa that had been under CRP 
for 8 years was selected for this study. The predominant soils at the site are Clarinda 
(fine montmorillonitic, mesic typic Argiaquolls) silty clay loam and Clearfield (fine 
montmorillonitic, mesic haplaquoll). The field was plowed in mid-June and 
maintained as a bare fallow until the end of the growing season. Soil samples were 
collected before plowing, three days after plowing and on a weekly basis thereafter. 
The objective of the study was to investigate temporal and spatial changes in 
particulate organic matter during the growing season. The following parameters were 
determined: whole soil total carbon and nitrogen, mineral fraction total carbon and 
nitrogen, particulate organic matter total carbon and nitrogen and pH. Results 
showed that total carbon in the whole soil sample declined in the upper depth (0 - 15 
cm) and increased in the lower depth (15 - 30 cm) because of residue incorporation. 
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Fluctuations in whole soil and mineral fraction total carbon and particulate organic 
matter were observed during the season. Particulate organic matter declined 
contributed to a higher percentage of the whole soil organic carbon at the begining of 
the season than at the end. It is concluded that particulate organic matter is a sensitive 
indicator for assessing soil quality effects of post-CRP management practices. 
Introduction 
The Conservation Reserve Program (CRP) was enacted by the Food Security 
Act of 1985. This was a legislative landmark which authorized a voluntary retirement 
program of land that was considered highly erodible and susceptible to degradation by 
cultivation activities (Hertz, 1988), A major objective of this program was to reduce 
soil erosion and consequently improve water quality because of the reduced 
sedimentation and o^-site pollution by farm chemicals. This would result because of 
decreased run-off (Ribaudo, 1988; Ribaudo et al., 1989). The CRP lands were to be 
kept out of row crop production for a period of ten years. In return, the government 
would compensate the producers who enrolled such lands in the program. 
Ten years later, about 36.4 million acres had been enrolled, costing US 
taxpayers about $1.8 billion annually for compensation. As some of the program 
contracts started to expire, there was a need to evaluate the benefits brought about by 
ten years of idling the land. This was necessary to evaluate the effectiveness of both 
the public policy that authorized the program and the impact of the CRP on the 
resource base (Karlen et al., 1997). Since some of the benefits accruing from the 
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CRP are related to the soil and its productivity, it is imperative that any investigations 
should start by looking at the changes in soil quality brought about by ten years of 
non-cultivation. Many questions have arisen as the the post-CRP era approaches. 
The question of how best to manage the land for row crop production is at the top of 
the list for both policy-makers and land-owners (Lindstrom et al., 1994;). This has 
brought into focus the concept of soil quality and how it can be measured in order to 
gain a better understanding of sustainable agricultural practices. 
Soil quality can be defined as the capability of a soil to produce in a 
sustainable manner, safe and nutritious crops and enhance human and animal health 
while maintaining the resource base and environment (Parr et al., 1992). Soil quality 
is, therefore, an overall condition that may be determined by investigating the soil 
physical, chemical and biological characteristics. These measurements must then be 
integrated to reflect the actual conditions in the field before accurate predictions are 
made about the productivity of a soil (Sikora et al., 1996; Christensen, 1996). The 
challenge of assessing soil quality is being met by a continuing effort to develop 
parameters that can be used in a minimum data set (Gregorich et al., 1994; Karlen 
and Stott, 1994; Dalai and Mayer, 1986). Golchin et al. (1994) suggested that soil 
organic matter should be determined because of its influence on other parameters of 
the soil. Larson and Pierce (1991) and Doran and Parkin (1994) also suggested that it 
should be included in the minimum data set of soil quality attributes that are used to 
determine soil quality. 
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Studies in the temperate grasslands have shown that organic carbon declines 
when virgin land is cultivated, and that this decline is manifested more in some 
fractions of organic matter than in others. This has made it necessary to try and 
isolate soil organic matter into f^tions which approximate the field conditions which 
seem to contain several pools that have different turnover rates (Greenland and Ford, 
1964; Elliot and C^ambardella, 1991; Carter and Grgorich, 1996). 
Particulate organic matter has been shown to be more sensitive to changes in 
agronomic management practices as compared to total carbon (C^bardella and 
Elliot, 1992; Buyanovsky et al, 1994) and is, therefore, a better indicator of 
agronomic management-induced effects (Cambardella, 1992; Golchin et al., 1994; 
Gregorich and Janzen, 1995; Bremer, 1996). The availability of virgin grasslands for 
comparison with land under cultivation has proven very useful in elucidating the 
changes in organic matter as a result of cultivation. Several studies have reported a 
decline in organic matter, especially in the light fraction (particulate organic matter) 
after several years of cultivation (Cambardella and Elliot, 1992, Laryea and Unger, 
1995, Tiessen et al., 1982, Dalai and Mayer, 1986). 
Zhang et al. (1988) found that moUic epipedons of prairie origin contained 
higher organic carbon than their forest-derived counterparts. Laboratory studies 
(Dorioz et al., 1993) have also shown that grasses can modify soil structure. 
Whitehead et al. (1975) studied soils from three long-term treatments. These included 
a field under prolonged arable cultivation, 17 years of grass after about 100 years of 
cultivation, and an old pasture. They reported that total organic carbon was 0.9% 
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with prolonged cultivation, 1.7% in the soils of 17 years of pasture, and 4.8% in the 
old pasture. It appears that 17 years of pasture had already turned around the effects 
of many years of continuous cultivation. Furthermore, the light fraction was in 
greater proportion in fields that were under pasture. 
Soil aggregation and aggregate stability play an important role in organic 
carbon dynamics in the soil because of the protection that is necessary to prevent 
faster mineralization and depletion of carbon (Adu and Oades, 1978; Gupta and 
Germida, 1988). Improvement in soil physical and chemical characteristics under 
CRP has been recently reviewed (Karlen et., 1997). Dormaar and Foster (1991) 
reported that soil aggregation was encouraged by roots of perennial rye grass (Loliwn 
perenne L.). They and others have suggested that long-term cropping reduces the 
length of roots and hyphae, thereby affecting soil aggregation (Tisdall and Oades, 
1980). Greater aggregate stability has been observed (Golchin et al., 1995) under 
pastures. Haynes and Swift (1990) found that soils collected after 13 years of 
cultivation plus two years of pasture had higher aggregate stability than those in a 
corresponding field following 15 years of cropping. 
Garwood et al. (1972) investigated the effect of leys on soil organic matter 
under grazed perennial ryegrass/white clover sward sown on arable land. They 
reported that macroorganic matter accounted for about 50% of the increase in the total 
organic carbon for the first eight years. The increase in macroorganic matter was 
observable after just three or four years of grass swards. A comparison of soils that 
had been under cultivation for periods ranging from 4 to 90 years with those under 
33 
native prairie showed that after just 4 years of cultivation, there was a rapid decline in 
organic matter (43% of initial C lost), and after 60 years fine clay-associated organic 
matter was depleted (Tiessen and Stewart, 1983). 
Golchin et al. (1994) separated free and occluded particulate materials of five 
virgin soils. They concluded that root growth played an important role in the 
occlussion of organic matter in aggregates. It would therefore be expected that the 
presence of grasses for a period of ten years should shift the organic matter contents 
towards the original state. This has to be evaluated for the various soil types covered 
by the CRP program before definite conclusions can be drawn. Furthermore, the fate 
of this carbon also needs to be known. 
The Conservation Reserve Program also provided the opportunity to evaluate 
the fate of organic carbon, since the cropping histories of the lands enrolled in this 
program were known. The objective of this study was to investigate the temporal and 
spatial changes in particulate organic matter when a field that had been under CRP for 
8 years was tilled. The data obtained could also serve as a baseline for future studies 
at this site when different management practices are introduced. 
Materials and Methods 
A field study was established following eight years of CRP enrollment at a site 
in Taylor County, located in southwestern Iowa, 15 miles west of Mt Ayr. The 
predominant soils at this site are Clarinda (fine, montmorillonitic, mesic Typic 
ArgiaquoUs) silty clay loam and Clearfield (fine, montmorillonitic, mesic haplaquoll) 
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silty clay loam. Both soils are located on moderately sloping, convex side slopes. A 
field segment, measuring 30 X 15 meters was tilled in mid-June 1995 using a 
moldboard plow. The predominant grass species were 60% bromegrass (Bromus 
inermis Leyss) and 25% orchardgrass (Dactylis glomerata L.). Four replicate 
sampling sites were selected before plowing, and grass residue samples including the 
surface litter were collected to estimate the amount of residue being returned to the 
soil. Two soil samples were taken at each sampling site to a depth of one foot; 
initially with a three-inch diameter Giddings probe mounted on a truck, and with a 
similar-sized hand probe after plowing. The field was disked after 3 days and another 
set of soil samples were collected. Samples were fractionated into three depth 
increments (0 - 7.6, 7.6 - 15, and 15 - 30 cm), placed into freezer bags and brought 
to the laboratory for analysis. Soil sampling was continued on a weekly basis until 
mid-November when the soil started to freeze. 
Soil samples were dried in a hot air circulation oven at 40°C for 5 days. Total 
carbon and nitrogen concentrations were determined by the dry combustion method 
using a Carlo Erba NA1500 NCS automated elemental analyzer (Haake Buchler 
Instruments, Inc., Patterson, NJ, USA). Determination of NOj-N was done 
colorimetrically (Keeney and Nelson, 1982) using a LACHAT flow-injection ion 
analyzer (Lachat Instruments, Milwaukee, WI, USA). For the latter procedure, the 
soil samples were ground and leached using 2 M KCl, then the leachate was analyzed. 
Before drying, soil samples were sieved for the particulate organic matter 
analysis. The sieved samples were passed through a 2 mm sieve and left to dry on 
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the laboratory bench for 7 to 10 days. Ten grams of air dried sample were weighed 
into a culture tube and 30 ml of sodium hexametaphosphate was added. The samples 
were placed on a reciprocating shaker (1.5 inch stroke, 280 oscillations/min) and 
shaken for IS hours. The samples were then sieved through a 53 /xm sieve by 
washing them into a tupperware dish with a jet of water from a wash bottle. Washing 
was complete when the rinsing water was clear. The residue left on the sieve was 
transferred to aluminum dishes and oven dried at 50°C. The slurry material in the 
tupperware was oven-dried at 70oC until the water was completely evaporated. The 
soil residue samples were transferred from the tupperware into grinding bottles and 
roller-ground for 12 hours. A subsample was weighed for carbon and nitrogen 
analysis using the Carlo Erba analyzer. Data was analyzed using PROC GLM (two-
way repeated measure) and PROC MEANS of the SAS statistical software (SAS 
Institute), Gary, North Carolina. This program gave an ANOVA and separated 
means by Least Significant difference. 
Results and Discussion 
Data for 20 sampling dates was consolidated to make 10 time periods and 
analyzed for two layers of 0 - 15 cm and 15 - 50 cm depth. Although sampling was 
done for 22 dates, samples collected two weeks to the end of the season were 
excluded from the statistical analysis because of excessive variablity. Time period 1 
represents the unplowed condition under CRP, and period 2 is for three days after 
plowing. Each of the consecutive time periods represents an average of two week 
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intervals, with time period 3 being 2 weeks after plowing. 
Whole soil carbon declined at the upper depth (0 - 15 cm) when the field was 
plowed, and a significant difference was observed within the first two weeks (Fig. 1). 
The sharp decline after plowing (time period 2) was probably the result of inverting 
of the soil layers, with low total carbon soil from the lower depths ending up on top. 
Cultivation usually results in a redistribution of organic matter at different soil depths, 
and this is evidenced here by the increase in whole soil total carbon at the lower depth 
(15 - 30 cm). The amount of residue removed from the plot is estimated at 11,883 
kg/ha of surface residue. If this is taken into consideration as part of the initial soil 
condition of the upper soil depth, then the difference in total carbon when cultivation 
was initiated would have been much greater. 
There was an increase in whole soil total carbon at the upper depth after four 
weeks (time period 4) that brought total organic carbon to a level that was similar to 
that of the uncultivated field. Whole soil total carbon was maintained at the same 
level from the sixth week, until the twelfth week (time period 8), when it was 
significantly lower than that observed before plowing. However, all the other dates 
were not significantly different. 
At the 15 - 30 cm depth, total soil carbon was not affected significantly by 
cultivation, athough the level of total carbon increased (Fig. 1). This probably was a 
result of the incorporation of plant residues. Whole soil total carbon was highest at 
four weeks (time period 4) after plowing and was significantly different than that 
observed for the uncultivated field. There was no significant difference in whole soil 
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Fig. 1. Bi-weekly whole soil total carbon at two depths at a CRP site, Taylor County. 
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total carbon for the remainder of the season at this depth, although it tended to 
increase towards the end of the season. 
Total carbon in the mineral fraction at the 0 -15 cm depth declined after the 
field was plowed, and a significant difference was observed between the unplowed 
condition (time period 1) and after plowing (Fig. 2). There were fluctuations in total 
carbon concentration of the mineral fhiction during the season. There was greater 
amounts of total carbon in this fraction at the 0 - 15 cm depth than in the lower (15 -
30 cm). 
Cultivation had a significant effect on mineral fraction total carbon at the 15 -
30 cm depth, and significant differences were observed between sampling dates (Fig. 
2). Cultivation decreased mineral fraction total carbon at first (time periods 1 and 2), 
but by the second week (time period 3) it had increased to a level significantly 
different than that before cultivation. Unlike whole soil total carbon, there was a 
decline in mineral fraction total carbon three days after plowing at this depth. The 
trend during the season was similar to that observed for the whole soil total organic 
matter at this depth, with a decline at time period 8 and an increasing trend after that. 
Cultivation did not have a significant effect on particulate organic matter 
carbon at the 0 - 15 cm depth, probably because the residue was removed before 
samples were taken in the uncultivated field (Fig. 3). There was fluctuation in 
particulate organic matter carbon throughout the season, but no significant effects 
were observed because of the great variability from one date to the next. Particulate 
organic matter carbon was very high at this depth when compared with the 15 - 30 
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Fig. 2. Bi-weekly mineral fraction total carbon at two depths at a CRP site, Taylor County. 
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cm d^th. At the lower depth (15 - 30 cm), there was a significant effect of 
cultivation, probably as a result of incorporation of plant residues. This resulted in 
high particulate organic matter carbon 3 days after cultivation. There was no 
significant change in particulate organic matter for the remainder of the season. 
Particulate organic matter carbon, expressed as a percentage of the whole soil 
total carbon, was not statistically affected by cultivation at the 0 - 15 cm depth, but 
varied from 11.5 to 22.2% (Fig. 4). Although there was no significant effect of 
cultivation at the 0 - 15 cm depth, samples collected during the sixth and in the last 
four weeks had less particulate organic matter fraction as a percentage of the total 
whole soil organic carbon. There was a significant effect of cultivation on the percent 
particulate organic matter at the 15 - 30 cm depth, probably as a result of the 
incorporation of plant residue. Significant differences were observed two weeks after 
plowing when the percent particulate organic matter was greater than that for the 
uncultivated condition. As would be expected, the trend was similar to the fluctuation 
in particulate organic matter carbon during the season. 
There was a significant effect of cultivation on soil nitrate, and fluctuation 
during the season showed significant differences for the dates of sampling. In the 0 -
15 cm depth, the amount of nitrate increased significanUy, attaining a high peak 8 
weeks (time period 6) after an initial decline at 3 days after plowing (Fig. 5). After 
14 weeks, nitrate nitrogen declined to the same level as for the uncultivated condition. 
At the lower depth (15 - 30 cm) there was a significant effect of cultivation. There 
was an initial increase in nitrate three days after plowing, which then declined but 
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Fig. 3. Bi-weekly particulate organic matter carbon at two depths at a CRP site, Taylor County. 
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peaked again after 8 weeks. Nitrate nitrogen remained high, up to the end of the 
season, with a significant difference between the levels at the end of the season and 
what was observed under the uncultivated condition (time period 1). 
There were significant differences between sampling dates in soil moisture, 
and variation was greater at the upper dq)th (0-15 cm) than at the lower depth (15 -
30 cm) during the season (Fig. 6). Soil moisture was higher at the lower depth, 
excq)t at four weeks after plowing when both layers were equal. 
The (CRP) field in which the plot used in this study was located consisted 
mainly of bromegrass (60%) and orchardgrass (25%). Several studies that have 
examined changes in total carbon under different tillage systems or crop rotations 
have concluded that total organic matter does not change with cultivation in the short 
term. Thus, it is not a sensitive indicator of management-induced changes. This 
study investigated the changes in soil organic carbon under a bare fallow situation 
over a shorter period of time than that of many of the other studies. However, some 
of the results are consistent, such as those indicating that there was no change in total 
organic carbon in the short term. Fluctuation within the season was observed and the 
total carbon content of the cultivated field remained significantly lower than before 
the CRP land was tilled. In this study, soil water content influenced the seasonal 
fluctuation in total carbon content. Relatively dry soil conditions caused a decline in 
total soil carbon, but the opposite was true when soil moisture conditons improved. 
Soil moisture conditions appeared to be highly variable in the top 0 - 15 cm of the 
soil, probably a result of the wetting and drying cycles reflecting the rainfall pattern. 
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Fig. 4. Bi-weekly particulate organic matter carbon (%) at two depths at a CRP site, Taylor County. 
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Soil moisture was higher but less variable at the lower depth (15 - 30 cm), and the 
total carbon at this depth showed a trend closely resembling that of the soil moisture 
condition. Therefore, it is probable that the decline in total soil carbon at the soil 
surface during the first few weeks could be partly explained by the fact that there was 
low soil moisture in the upper soil layers. Mean monthly temperature data shows that 
this was also the time when high temperautes were observed during the season. The 
combination of low soil moisture and high temperature in the surface layer may have 
been unfavourable for the decomposition process. Conti et al. (1992) studied the 
seasonal fluctuation in light fraction organic carbon and concluded that soil moisture 
and temperature had a major effect. The synchronous fluctuation of total organic 
matter in the whole soil, and that found in the mineral fraction, suggests that the 
mineral fraction did not control the total amount of carbon in the soil. Particulate 
organic matter has been shown to decline due to tillage (Cambardella and Elliot, 
1992), but in this study, no significant decline in POM was observed for the 0 - 15 
cm dq>th. One reason for this could be that the data was analyzed for six inch soil 
layers, and this may have masked the changes in organic carbon. Angers et al. 
(1992) observed that changes in total organic carbon were insignificant when analyzed 
for 24 cm depth instead of a 6 cm depth. In this study, however, particluate organic 
matter appeared to account for part of the trend of total organic carbon, especially 
between four and eight weeks after plowing. Although it was not statistically 
significant for the upper soil depth (0 - 15 cm), particulate organic matter contributed 
a higher percentage of the total whole soil carbon at the beginning of the season than 
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Fig. 5. Bi-weekly whole soil nitrate nitrogen at two depths at a CRP site, Taylor County. 
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at the end. 
The low particulate organic matter at the upper depth of the soil under CRP 
can be attributed to the fact that the surface litter was removed before sampling at the 
time the field was plowed. With this in mind it would be apparent that the soil under 
CRP would have a high particulate organic matter content. At almost all of the 
sampling dates, the highest amount of particulate organic matter was recovered at the 
7.6 - 15 cm depth and the lowest at 15 - 30 cm depth. It is also interesting to note 
that under the CRP, particulate organic matter content was 15.5% at the upper depth 
as compared to about 2% at the lower depth. However, after plowing, the particulate 
organic matter content of the lower depth rose to 20% with an accompanying increase 
in total carbon. The great decline in POM as a percentage of the total carbon at the 
15 - 30 cm depth suggests a greater role for the mineral fraction total carbon than for 
the POM at this depth. This is reflected by the similarity in the variation trend 
between whole soil and mineral fraction total carbon at this depth. It can be 
concluded from this study that there is a significant decline in POM at the 15 - 30 cm 
depth after plowing. The favorable soil moisture conditions at that lower depth may 
have favored faster decomposition. Molloy and Speir (1977) suggested that the 
amount of light fraction organic matter is usually lowest where decomposition is 
highest, since a major part of the light fraction or particulate organic matter consists 
of partly humified plant material. 
Other studies have indicated that the type of residue incorporated into the soil 
(Cambardella and Elliot, 1992) or the type of pasture grass (Garwood et al., 1977) 
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Fig. 6. Bi-weekly soil moisture at two depths at a CRP site, Taylor County. 
may influence the dynamics of macroorganic matter. In general, pasture grasses have 
greater root proliferation and are thought to increase the total carbon due to 
rhizodeposition from the increased mass of roots (Anderson et al., 1985, Richter et 
al.,1990). Our results may differ from those observed in previous studies because of 
the short time that the field was under cultivation. Many of the studies that have 
reported major changes in particulate organic matter or total carbon have made 
observations on fields that had longer cropping histories, or crops growing as part of 
the study. The dynamics occurring under a bare fallow could be different. Angers et 
al. (1992) observed that a year of bare-fallow did not cause an appreciable change in 
total soil carbon after the initial drop that occurs due to cultivation. 
Plowing increased nitrate N due to increased soil nitrogen mineralization. This 
is consistent with results elsewhere (Laryea and Unger, 1994), showing that nitrate N 
was greater under moldboard plow than no-till management. 
It is concluded from this study that plowing leads to redistribution of 
particulate organic as a result of incorporation of residues. Fluctuations in particulate 
organic matter were observed during the time of study, but was not significant enough 
to cause major changes. Particulate organic matter expressed as a percentage of total 
carbon showed that this fraction contributed more to total soil carbon at the beginning 
of the study than at the end of the season. 
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CHLOROPHYLL METER ASSESSMENTS OF NITROGEN IN CORN GROWN 
WITH DIFFERENT MANAGEMENT PRACTICES 
A paper to be submitted to the Agronomy Journal 
M. M. Siambi, D. L. Karlen and R. M. Shibles 
Astract 
Determination of crop nitrogen requirement is important to ensure high grain 
yields and environmental safety. In the last decade, there has been increased 
awareness of the contribution of fertilizer management practices to surface and ground 
water pollution. Several methods for determining crop nitrogen requirements require 
laboratory analyses that are costly and take time. The identification of tools that can 
give farmers results within a short time are imperative. This can improve nitrogen 
fertilizer management and increase efficiency. The chlorophyll meter is a hand-held 
instrument that could present a real advantage because of its portablity and ease of 
operation that does not require any complicated calibrations. 
Studies were carried out at the Larson Farm near Story City Iowa and near 
Nashua in northeast Iowa. The objectives were to investigate the use of the 
chlorophyll meter as a tool for determining how various soil and fertilizer 
management practices affected plant nitrogen concentration, and to determine how the 
meter could be used to improve nitrogen management. At the Larson Farm, four 
nitrogen rates (67, 134, 201 and 280 kg/N ha) and a zero control were used in a 
completely randomized block design. Chlorophyll measurements were taken at three 
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growth stages. At the Nashua site, tillage treatments included chisel plow with 
secondary field cultivation and no-till. Management treatments included pre-sidedress 
fertilizer with late spring nitrate test (LSNT), swine manure and corn-soybean 
rotations. Chlorophyll meter readings were taken at six growth stages. Results at the 
Larson Farm showed that the chlorophyll meter identified differences between low 
and high fertilizer nitrogen treatments. There was a highly significant correlation 
between chlorophyll meter readings and yield at all growth stages. At the Nashua 
site, the chlorophyll meter identified differences in tillage and fertilizer mangement. 
It also identified differences between treatments that were in corn-soybean rotation 
from those under continuous com. Although the crop experienced soil moisture stress 
at critical times in the season, there was a good correlation between chlorophyll meter 
readings and yield. It is clear that the chlorophyll meter can be used to improve 
fertilizer management. 
Introduction 
Use of nitrogen fertilizer in com production systems has been linked to 
deterioration in water quality because of nitrate leaching into drinking water sources 
(Magdoff, 1992). Because of the large quantities of nitrogen that are applied to 
farmland, residual soil nitrogen at the end of the season may be contributing to this 
problem. The residual nitrogen could be utilized by the next crop, but in areas of 
high rainfall and low evapotranspiration, this nitrogen could lead to leaching of nitrate 
into groundwater (Bundy and Malone, 1988). The prudent use of nitrogen fertilizer 
may be achieved by using better methods to predict plant nutrient requirements. In 
the past, several plant and soil analysis procedures have been used to determine the 
fertilizer requirement, but all these procedures require a lot of money and time to 
process. New approaches that utilize leaf and canopy characteristics to quantify the 
nitrogen status of a crop would enhance nitrogen fertilizer management and yield 
predictions (Blackmer et al., 1994 and 1996). 
In addition to to being part of the chlorophyll molecule, nitrogen is a 
component of major photosynthetic enzymes and has also been associated with other 
physiological processes such as mesophyll conductance (Longstreth and Nobel, 1980). 
For many plants of agronomic importance, a positive correlation between leaf 
nitrogen concentration and leaf chlorophyll content has been established (Wolfe et al., 
1992; Yadav, 1986). The green color of canopies is determined primarily by 
chlorophyll content, which therefore affects the spectral characteristics of the leaf (Al 
Abbas et al., 1974; Thomas and Gauman, 1977; Maas and Dunlap, 1989). Recent 
studies indicate that the chlorophyll meter can be used as an alternative tool for 
prediction of nitrogen requirement for com (Wood et al., 1992; Blackmer and 
Schq)ers, 1995). The chlorophyll meter is a handheld instrument with a digital 
readout and does not require any complicated calibration. Measurements with the 
meter are based on light transmittance characteristics of chlorophyll. This approach 
offers several practical advantages. For example, it is very portable and allows 
measurements to be taken without destruction of plants or plant parts. This makes it 
possible to make measurements on the same plant or plant part during the season and 
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to monitor trends in nitrogen uptake or dq)letion from the same plant. 
Tyner and Webb (1946) reported that leaf nitrogen concentration at silking 
and grain yield were highly correlated. Several studies have shown that chlorophyll 
concentration in com is positively correlated with leaf N concentration ( Wolfe et al., 
1988; Wood et al., 1992) and nitrogen sufficiency (Zelich, 1982; Girardin et al., 
1985). Because of this positive relationship, it would then be expected that leaf 
chlorophyll concentration reflects the nitrogen status of the crop and may be used to 
predict yield. Chlorophyll meter readings should therefore provide an indication of 
leaf nitrogen concentration (Yadava, 1986; Marquard and Tipton, 1987; Dwyer et al., 
1991). Several studies indicate this to be the case, though there are some drawbacks 
to be be overcome while using this method of nitrogen determination. 
Wood et al. (1992) found that chlorophyll meter measurements could 
accurately predict the nitrogen status of com. In their study, they used six fertilizer 
treatments ranging from 56 to 336 kg N/ha. They reported that chlorophyll meter 
readings at VIO and mid-silk growth stages were comparable to tissue nitrogen in 
predicting yield. 
The versatility of the chlorophyll meter has been tested under various crop 
management practices. In one study, Berghoefer and KUlom (1994) reported that the 
correlation between chlorophyll meter readings and nitrogen application rates was 
consistent regardless of the method of fertilizer application. Blackmer and Schepers 
(1995) reported that under irrigated conditions, the nutrient status of com can be 
determined early enough with the chlorophyll meter to correct any deficiencies. In 
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cotton (Gossypium hirsutum L.), Wood et al. (1992) compared chlorophyll meter 
readmgs with leaf blade and petiole nitrogen content at three reproductive stages. 
They reported a strong correlation between chlorophyll meter readings and leaf-blade 
nitrogen concentration at all the three growth stages. Piekielek and Fox (1992) 
reported that the chlorophyll meter was accurate in predicting com response to 
nitrogen fertilizer because of its capability to separate deficient from non-deficient 
sites. 
Blackmer and Schepers (1995) have suggested that luxury consumption of 
nitrogen may vary from one growth stage to another, but the chlorophyll meter 
readings tend to have an upper limit. This has been viewed as a limitation of the 
chlorophyll meter in predicting yield (Dwyer et al., 1994). Using data obtained from 
the ear leaf before and after anthesis and a modelling approach, Dwyer et al. (1994) 
concluded that leaf nitrogen concentration was well estimated by the chlorophyll meter 
up to a plateau, but readings beyond the plateau range may give erroneous estimations 
of nitrogen concentration. 
Sinclair and Horie (1989) investigated leaf nitrogen, photosynthesis, and crop 
radiation use efficiency of soybean and maize (Zea mays L). They worked out a 
relationship for predicting crop radiation use efficiency as a ftmction of both CO2 
assimilation rate and leaf N content. They reported that maize had the greatest 
biomass accumulation but low leaf N content, which allowed for greater leaf growth 
and high radiation use efficiency. 
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Wolfe et al. (1988) studied interactive water and nitrogen effects on leaf 
senescence in maize. They examined size and longevity of leaves at all nodal 
positions by monitoring changes in photosynthetic capacity, N concentration and 
chlorophyll content. They reported that leaf photosynthesis was correlated with 
chlorophyll content and that chlorophyll and % N were also strongly correlated 
(r2=0.8). Nitrogen deficiency caused a 50% reduction in peak leaf values, 
chlorophyll content, and photosynthesis. 
Al-Abbas et al. (1974) showed that nutrient deticient plants contained less 
chlorophyll than control plants. They suggested that chlorophyll had a dominant 
influence on spectral variations in the visible region of the spectrum. Nutrient 
deficiency led to a reduction in leaf chlorophyll content and consequently to an 
alteration of leaf color, reflectivity and transmittance. Nitrogen deficient leaves had 
the least amount of chlorophyll. 
Turner and Jund (1991) used the chlorophyll meter to predict nitrogen 
requirement for semi-dwarf rice. They reported a correlation between chlorophyll 
readings and the amount of N fertilizer required to alleviate deficiencies, increase 
yield, and improve yield predictive capability at pre-panicle and panicle differentiation 
stages. 
Based on these earlier studies that have shown the close relationship between 
chlorophyll and plant nitrogen concentration, the objectives of this study were to 
determine how various soil management practices affected plant nitrogen 
concentration and if the chlorophyll meter could be used to improve nitrogen 
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management. 
Materials and methods 
Study 1 
An experiment was carried out at Larson Fann, located close to Story City, 
Iowa. The field consisted of several strips ranging from 30 to 40 meters in width and 
about 520 meters long. Four nitrogen fertilizer treatments (67 kg, 134 kg, 201 kg 
and 280 kg per hectare) were applied in a completly randomized block design. A 
strip with no fertilizer was included as the zero treatment. All treatments were 
replicated three times. Each strip was subdivided into eight 60 meter segments, from 
which experimental data was collected. 
A Minolta SPAD 502 chlorophyll meter was used to obtain the data for leaf 
nitrogen content. The chlorophyll meter uses light sources and detectors to measure 
the light transmitted by a plant leaf at two wavelengths. The greatest absorption of 
light by chlorophyll a and b occurs at a wavelength of 430 nm and the least 
absorption at 750 nm where almost all of the light is reflected or transmitted. The 
unitless measurement of the chlorophyll meter is based on the difference in light 
attenuation at 430 nm and at 750 nm. The chlorophyll meter provides a number 
ranging from 0 to 80, with a higher number representing a greener leaf. 
For each treatment, three rows were identified and marked within each 60 m 
segment. Measurements were made at these sites by marking a 6 m length of row or 
30 plants. The measurements were taken from the V6 growth stage through the R5 
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growth stage (Iowa State Extension service, 1984). At each growth stage, the top 
fully expanded leaf was measured on the thirty plants in each of three adjacent rows. 
This gave a total of 90 plants per site or 720 readings per strip. At each site, three 
representative plants firom within the three rows but outside the marked areas were 
collected and taken to the laboratory for analysis. The samples were dried at 65°C, 
weighed, and ground to pass a O.S-mm screen. A subsample was ball milled for 5 
minutes and subsampled again for determination of total N using a Carlo-Erba dry 
combustion analyzer. 
Study 2 
A second experiment was carried out at Iowa State University Northeast 
Research Farm situated near Nashua, Iowa. Soils at the site are Floyd (fine loamy, 
mixed, mesic Aquic HapludoUs) loam, Kenyon (fine-loamy, mixed, mesic Typic 
Hapludolls) loam, and Readlyn (fine-loamy, mixed, mesic Aquic HapludoUs) loam. 
Each plot was 0.4 ha in size. Tillage treatments included chisel plow with secondary 
field cultivation and no-till. The fiill range of treatments was as follows: 
No-till, corn-soybean rotation, 28 kg N/ha -f- Late spring soil nitrate test(LSNT) 
No-till, corn-soybean rotation, 112 kg N/ha, 28% pre-plant 
Chisel plow, corn-soybean rotation, 28 kg N/ha + Late spring soil nitrate test LSNT 
Chisel plow, corn-soybean rotation, 112 kg N/ha, 28% pre-plant 
Chisel plow, corn-soybean rotation, swine manure (approx. 134 kg N/ha) 
Chisel plow, continuous com, swine manure (approx. 156 kg N/ha) 
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Chisel plow, continuous com, 134 kg N/ha pre-plant 
All the treatments were replicated three times in a split-plot experimental design. 
Soil samples were collected at planting and tasseling stage of com using a 3.81 
cm diameter probe. Soil samples were collected randomly at twelve points along two 
diagonal transects in each plot. The sampling depth was 30 cm, with cores segmented 
into 0 - 7.6, 7.6 -15, and 15 - 30 cm increments. The soil samples were brought 
into the laboratory and dried in a hot air circulation oven at 50°C, crushed and sieved 
through a 2-mm screen, extracted with 2M KCl, and analyzed with a LACHAT flow-
injection ion analyzer for nitrate-N. 
Chlorophyll meter readings were taken at three points on the diagonal transect 
at six growth stages. At each point three rows were selected and data was taken on 
30 plants. Two representative plants were removed near the same site but outside the 
three rows. These were and taken to the laboratory for nutrient analysis. Young 
plants were dried in a hot air circulation oven at 65°C for five days, but as the plants 
increased in size, the drying period was longer. The dried samples were ground in a 
hammer mill, sub-sampled and further ground in a Wiley mill (Thomas Wiley 
Laboratory Mill, Model 4, Thomas Scientific, Philadelphia, USA) and a Cyclone 
sample mill (Udy Corporation, Fort Collins, Colorado, USA). Samples were 
analyzed for total N using a Carlo-Erba dry combustion analyzer. 
Data for both studies were analyzed using PROC GLM and PROC MEANS 
with SAS software (SAS Institute), Cary, North Carolina. 
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Results and Discussion 
Study 1 
Chlorophyll meter measurements 
CMorophyll meter readings were taken starting at V6. At the V6 growth 
stage, chlorophyll meter readings indicated significant differences between treatments 
(Fig. 1). The three treatments that received high rates of nitrogen (134, 201, and 280 
kg N/ha) were not significantly different from each other, but all were significantly 
different from the other treatments. The treatment that received 67 kg N/ha was not 
significantly different from that which received no fertilizer or the 134 kg N/ha 
treatment. A difference of 10 SPAD units was observed between the treatment that 
received no fertilizer and that which had the highest fertilizer rate. 
At V9, highly significant treatment effects were observed (Fig. 1). The three 
treatments that received high rates of nitrogen (134, 201, and 280) were significantly 
different from those that received 67 kg N/ha or 0 kg N/ha. An interesting 
observation here was that there was very little change in the chlorophyll meter 
readings for the low fertilizer rate treatments, while the readings increased in the high 
nitrogen treatments. As the demand for nitrogen increased, there simply was not 
enough nitrogen available to increase the readings in the new fully expanded leaves. 
Leaf firing of the lower leaves in the 0 and 67 kg N/ha treatments was observed in 
the early stages. This may have been an indication of retranslocation of nitrogen 
from the lower older leaves to the newly formed leaves. 
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Fig. 1. Chlorophyll meter readings at three growth stages under different fertilizer rates at Larson Farm. 
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Highly significant differences in chlorophyll meter readings were obsesrved at 
VIS (Fig. 1). The zero treatment was significantly lower, and unlike at the other 
stages of evaluation, it was also different firom the 67 kg N/ha treatment. At this 
growth stage, the 67 kg N/ha treatment was also significantly different from the 134, 
201 and 280 kg N/ha treatments. The high fertilizer rate treatments remanined 
indistinguishable at this stage, but the 280 kg N/ha was numerically lower than the 
other two. 
Tissue nitrogen concentration 
Plant samples were taken at V6, V9, and V15. At V6, there were significant 
differences between treatments in tissue nitrogen concentration (Fig. 2). The highest 
tissue nitrogen concentration was observed in plants that received the highest rate of 
fertilizer. Concentrations in plants that received 280 kg N/ha were significantly 
different from the 67 kg N/ha and 0 kg N/ha treatments. Treatments that received 
134 and 201 kg N/ha were not significantly different from the 280 kg N/ha treatment, 
nor the 67 kg N/ha treatment. 
A highly significant difference in tissue nitrogen concentration was observed at 
V9 (Fig. 2). The treatments that receved 280 kg N/ha had the highest nitrogen 
concentration, but were not significantly different from 134 and 201 kg N/ha 
treatments. They were significantly different from the 67 and 0 kg N/ha treatments. 
At this stage, the 201 kg N/ha was significantly different from the 67 kg N/ha, but 
the 134 kg N/ha was still not different from the 67 kg N/ha treatment. 
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Fig. 2. Tissue nitrogen concentration at three grovith stages under different fertilizer rates at Larson Farm. 
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The two high fertilizer rate treatments (201 and 280 kg N/ha) were 
significantly different from the other treatments at VIS (Fig. 2). No significant 
differences were observed between the other treatments. Plant nitrogen content 
showed the same trend as plant nitrogen concentration (Fig. 3). 
Study 2 
Chlorophyll meter measurements 
At each growth stage, chlorophyll meter readings were significantly different 
at the Nashua site. Early in the season (V6), the highest reading was observed for 
system 4. This system was significantly different than systems 1 and 2 (Fig. 4). 
System 1 was not significantly different from systems 3, 5, and 6. System 5 was the 
only one that was not significantly different from system 4. The lowest chlorophyll 
meter reading was obtained for system 2. 
It is important to note that systems 5, 6 and 7 are not directly comparable to 
the other four systems because of differences in rotation and fertilizer nitrogen source. 
However, general trends are important to note. For example, system 5 and 6 had 
manure applied in the fall at rates intended to be equivalent to the application of 134 
kg N/ha for system 5 and 157 kg N/ha for system 6. The difference between these 
two systems is that system 6 features continuous com, while system S is under a 
corn-soybean rotation. System 7 received 134 kg N/ha preplant and would be 
comparable to treatments 3 and 4, except that the rotation was continuous com. At 
the V6 growth stage, systems 6 and 7 did not differ from each other. System 7 gave 
.5 • 
e m 
s 
I 
z 
\/6 (LSD *>0.648) 
V9 (LSD-0.203) 
V15(LSD»1t.601) 
0.5 
0 67 134 202 280 
Fertilizer rate peg N/ha] 
Fig. 3. Total nitrogen per plant at three growth stages under different fertilizer rates at Larson farm. 
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a higher chlorophyll meter reading at this stage, but was not significantly different 
from system 4. System 6 was comparable to systems 1, 3, and 5. The high nitrogen 
reference plot gave significantly different chlorophyll meter readings at almost all the 
growth stages and they were higher than any of the seven management systems. 
At the V9 stage, system 4 gave the highest chlorophyll meter reading, but 
there were no significant diffirences between systems. 
System 4 also had the highest and significantly different chlorophyll readings 
at V12 (Fig. 4). Systems 2, 3 and 4 were not significantly different from each other 
or from the high nitrogen reference treatment. Systems 2 and 3 were not different 
from system 1. The remaining systems (5, 6, 7) were not significantly different from 
each other, although system 6 gave the lowest chlorophyll meter reading. 
The differences observed at the early growth stage persisted at V15 (Fig. 4), 
with systems 2, 3, and 4 having the highest chlorophyll meter readings. They were 
not significantly different from each other at a=0.05, but were significantly different 
at the a=0.10 level. Systems 2 and 3 were similar to the rest of the systems (1,5, 
6, 7), but showed no significant differences between them. System 5 gave the lowest 
reading. Statistical differences were not observed at the VT sampling, but systems 2, 
3 and 4 were still numerically the highest and the reading for system 5 was the 
lowest. 
At the R1 stage, system 1 was not significantly different from systems 2, 3 
and 4, but the later two systems were numerically the highest and significantly 
different from the rest of the treatments. Systems 1 and 2 did not differ from the 
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remaning three treatments (5, 6, 7) but system S had the lowest reading. 
Tissue nitrogen concentration 
Tissue nitrogen concentrations were high at the begimiing of the season and 
declined as the plants increased in size. Significant differences between systems on a 
plant dry weight basis were observed at two of the six sampling dates. There were no 
significant differences between systems at the V5 growth stage. System 2 had the 
highest tissue nitrogen content, while system 4 had the lowest. The high nitrogen per 
plant in system 2 may have been partly due to the smaller size of plants in this 
system. 
There were significant differences between systems at the V6 growth stage 
(Fig. 5). Systems 5 and 3 had the highest tissue nitrogen content. System 5 was 
significantly different than systems 1, 2, and 6, but system 3 was not. There was a 
great increase in tissue nitrogen at this stage, indicating an increase in N uptake. This 
trend of rapid uptake was observed at the next sampling stage (V9), but no significant 
differences were observed among the management systems. Tissue nitrogen content 
at this growth stage was about twenty times greater than at V5 in most of the 
treatments. In contrast to the observations at V5, system 4 had the highest tissue 
nitrogen content at V9. This may have indicated a pattern of increased uptake of 
nitrogen by plants in this treatment. The high nitrogen content of plants in system 4 
was maintained at the next date of sampling (V15) when system 2 had the lowest 
nitrogen concentration. At VT, system 4 also had the highest tissue nitrogen, but no 
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signticant differences were observed among the treatments. Although there were no 
significant differences among management systems in tissue nitrogen content at 
physiological maturity (Fig. 6), the change in uptake pattern showed that system 4 
was lowest. This was in contrast to the observations at the three previous stages 
when it had the highest tissue nitrogen concntration. This was also the opposite of 
what was observed for system 3, which showed remarkable uptake to have the highest 
tissue nitrogen content at this stage. 
Plant dry weight 
Plant dry weight was significantly different in 2 out of the 6 sampling dates. 
Sampling was started earlier than when the chlorophyll measurents were begun. At 
V5, significant differences were observed among the different systems (Fig. 7). The 
smallest plants were observed with th2 no-till treatments (systems 1 and 2). These 
plants had significantly less plant dry weight than all systems except number 4. 
System 4 was not significantly different than the other systems (3, 5, 6, 7). 
At V6, system 7 gave the highest dry weight, but it was not significantly 
different from the other systems. System 2 had the lowest plant dry weight. Similar 
results were observed at V9, when system 4 had the highest plant dry weight and 
system 1 the lowest. At V15, significant differences in plant dry weight were 
observed, with system 5 having the highest plant dry weight (Fig. 8). The values 
were not significantly different from those for systems 3 and 7, but they differed from 
the rest of the treatments. System 3 was similar to system 6 and system 7, but was 
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Fig. 4. Chlorophyll meter readings at three growth stages under different management systems at Nashua. 
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not significantly different from the other treatments. The lowest plant dry weight was 
observed for system 6. It is interesting to note that system 1, which had the lowest 
plant dry weight at at V12, had gained enough weight to be greater than systems 2, 4, 
and 6. 
Systems 1 and 4 gave the highest dry weights at VT, but plant dry weight was 
not statistically significant between the treatments at this stage. This lack of 
significant difference was maintained at physiological maturity. However, at 
physiological maturity, system 4 gave the lowest plant dry weight. This was the 
opposite of what had been observed at VT. 
Grain yield 
Highly significant differences in grain yield were observed between 
management systems (Fig. 9). Systems 1 and 3 were highly significant but similar to 
systems 4 and 5. Systems 2 and 6 were similar and not significantly different from 4 
and S. System 7 gave the lowest yield and was significantly different from all the 
other treatments. 
Rainfall was below normal during the season (Fig. 10), and plants experienced 
soil moisture stress at the beginning of the reproductive phase. Irrigation was applied 
at the beginning of the pollination period, but by this time some of the treatments had 
been severely stressed. It was observed that plants grown under the continuous com 
(Systems 6 and 7) were the most affected with leaf rolling being observed at VIO 
through early V12 growth stages. 
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Fig. 6. Total nitrogen content at R6 under different 
management systems at Nashua. 
Plant dry weights indicated that the no-till system had slow vegetative growth 
early in the season. Chlorophyll meter readings in no-till plots were also lower than 
for the other treatments. Comparing no-till treatments (systems 1 and 2) with similar 
fertilizer management in the chisel plow system shows greater growth in the latter 
systems (3 and 4). Use of the late spring soil nitrate test resulted in the application of 
higher rates of fertilizer to the no-till plots, but a response was not observed at the 
growth when stage chlorophyll meter readings were taken for the first time. Preplant 
application of fertilizer ensured an early start for system 4, but later in the season a 
decline in plant dry weight was observed in this system. It may be that the plants 
exhausted soil moisture earlier than in the other treatments and could not sustain 
vigorous growth for an extended period. However, the plants mainatined the highest 
chlorophyll readings up to the end of the season. 
The chlorophyll meter clearly identified systems 5, 6, and 7 as being different 
from the other treatments, and showed that systems 5 and 6 were not significantly 
different. The high chlorophyll readings at the early growth stages in the systems that 
received manure is an indication that fall applied manure had been mineralized and 
supplied enough nitrogen to meet plant needs at this time of the season. Tissue 
nitrogen was lowest in no-till system 1 which had received a split application of 
nitrogen. It was clear that use of the late spring nitrate test increased the tissue 
nitrogen content of plants in this system in the later part of the season. Other than 
system 1 which had received a the highest amount of fertilizer (195 kg N/ha), high 
tissue nitrogen contents at physiological maturity were observed only in system 6 
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which received manure but was in continuous com production system. 
The highest fertilizer rate was applied when using the late spring nitrate test in 
the no-till system, but the yield was not different than using 163 kg N/ha under chisel 
plow. This indicates that to get the same grain yield, the no-till system required a 
higher rate of fertilizer than the chisel plow system. Overall, if the efficiency is 
calculated as the grain yield per unit of fertilizer applied, then the no-till system with 
late spring nitrate test is the least efficient, and systems 2 and 4 would be more 
efficient. However, there was no significant difference in grain yield between the two 
systems. It can be argued, that under the no-till situation, preplant application of 
nitrogen is more efficient since the grain yield difference with system 1 was 873 
kg/ha, but the difference in amount of fertilizer applied was 82 kg N/ha. Grain yield 
was lowest for the continuous com treatments. The reason for the low grain yield 
under continuous com is not quite clear. It would appear that this was a rotation 
effect because system six received a higher rate of manure than system five but gave 
a numerically lower yield. Another indication of the rotation effect is the low yield 
for system 7 which received the same amount of nitrogen as system 5. However, 
system 7 yielded 23 hl/ha less than system 5. This is a big yield difference that 
would be of concern to many producers. It is evident that continuous com is not a 
viable management practice. Chlorophyll meter readings were also lowest in this 
treatment at almost all of the growth stages, except the first date of sampling. Total 
nitrogen content of whole plants in system 6 remained high up to physiological 
maturity, indicating that nitrogen uptake continued later in the season. The effect of 
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soil moisture stress appeared to affect the continuous crop treatments to a greater 
extent than the others, but under high rates of manure the effect of stress was less 
severe because the plants in this treatment maintained a high dry weight until 
physiological maturity. In general, grain yields were low because of insufficient 
rainfall from VT through pollination stage. Irrigation alleviated the stress problem, 
but it is highly likely that by that time, yield components had already been affected. 
At the Larson farm, flooding occurred early in the season during one of the 
big storms, submerging many plants for a few days. The plants recovered, but firing 
of the lower leaves was observed in the low nitrogen rate treatment and the check plot 
that had not receievd any fertilizer. Plants in treatments that received high rates of 
nitrogen put out anchoring roots earlier and had greater leaf appearance and expansion 
rates than the 0 or 67 kg N/ha treatments. 
These studies evaluated the use of the chlorophyll meter as a tool for nitrogen 
management under the two tillage systems and various crop rotations. The results for 
the study at Nashua showed a good correlation (r = .56) between chlorophyll meter 
readings at V12 stage and yield. This was better than the correlation between tissue 
nitrogen content and yield or fertilizer rate and yield. There was poor correlation 
between tissue nitrogen content and yield at all growth stages at the Nashua site. 
There was positive and significant correlation at physiological maturity (r = .81) 
between whole plant total nitrogen and fertilizer rate. The correlation between 
chlorophyll meter readings and tissue nitrogen content was highest (r = .53) at V6 
stage, but was poor (r = .35) at later stages. 
What is important to note here is the positive correlation between yield and 
chlorophyll meter readings fairly early in the season. Blackmer et al. (1994) 
suggested that the number of leaves sampled can contribute to the relationship 
between chlorophyll meter readings and yield, however, in these studies the sample 
size was big enough and would remove such a problem. Better correlations have 
been found between specific leaf nitrogen than leaf nitrogen concentration and 
chlorophyll meter readings, but specific leaf weight was poorly correlated to grain 
yield (Blackmer et al., 1994). Our studies indicate this to be true, but to what extent 
water stress affected leaf characteristics was never established. Therefore, we can 
only suggest that there was a general effect on nitrogen concentration, probably as a 
result of reduced uptake under stress. Although fertilizer application is not 
recommended at the V12 stage, it is possible that under better soil moisture conditions 
the deficiencies can be corrected. Since rainfall was below normal at Nashua, better 
correlations could probably have been established between chlorophyll meter readings 
and yield. The lack of correlation between chlorophyll meter readings and fertilizer 
rate probably reflects the poor correlation between tissue nitrogen content and 
fertilizer rate. Conditions that limit nitrogen uptake may also affect the amount of 
nitrogen contained in the leaf, and as such determine the chlorophyll meter readings. 
There were highly significant correlations between tissue nitrogen 
concentration, chlorophyll meter readings and fertilizer rate at Larson Farm site. The 
correlation coefficient between tissue nitrogen concentration and chlorophyll was 0.89 
at V6, 0.98 at V9 and 0.64 at V15. The correlation coefficent between fertilizer rate 
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and tissue nitrogen concentration at the three growth stages was 0.96 at V6, 0.94 at 
V9, and 0.81 at V15. Correlation coefficients between chlorophyll meter readings 
and fertilizer rate were similar to those between tissue nitrogen concentration and 
fertilizer rate. A clear indication of the results from Larson Farm is that under 
conditions cf sufficient soil moisture, chlorophyll meter readings are highly correlated 
with fertilizer rate and tissue nitrogen. Therefore, these readings can indicate plant 
nitrogen status. The ranking of the treatment means was quite similar between tissue 
nitrogen and the chlorophyll meter at all stages. One important observation here is 
that the chlorophyll meter was able to distinguish between the 67 kg N/ha and 0 kg 
N/ha treatments at V15, but the tissue nitrogen analysis could not. As observed in 
other studies, the chlorophyll meter showed that there was no significant difference 
between applying 201 or 280 kg N/ha. This is thought to be due to the plateau effect 
in chlorophyll meter readings, since it cannot distinguish between high SPAD 
readings that are close (Dwyer, 1995). It can be argued that this distinction may not 
be necessary once the meter can establish that the amount of fertilizer applied is 
enough. Chlorophyll meter readings are of greater importance in identifying 
deficiencies, and thereby determining when additional fertilizer application is needed 
to correct the problem and reducing the risk of overapplication when additional N is 
not needed. 
These studies have established that the chlorophyll meter can be used for 
fertilizer nitrogen management under different tillage and management practices. Its 
use in seasons with marginal rainfall gave a better correlation with yield than tissue 
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nitrogen analysis. 
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GENERAL SUMMARY AND CONCLUSIONS 
It is important to understand carbon dynamics under different management 
systems for sustainable soil productivity because organic matter is a major source of 
plant nutrients. Several studies have shown that total organic carbon has low turnover 
rates and as such may not clearly reflect the situation within the short periods that are 
of interest in crop production. Spatial and temporal variability is important for a 
farmer who has to make decisions about the soil and crop management alternatives 
within few cropping seasons. Particulate organic matter (POM) has been suggested as 
one fraction of organic matter that may reflect management induced changes within a 
short period of time (Gregorich and Janzen, 1995; Cambardella and Elliot, 1994). 
The study at Dukes' Farm in Taylor county had the objective of investigating 
spatial and temporal changes in particulate organic matter in a Held that was plowed 
after 8 years of the Conservation Reserve Program (CRP). The plot was plowed in 
mid-June and samples were taken weekly until the end of October. Results of this 
study showed that there is a decline in total carbon when CRP land was cultivated, 
and that fluctuations in total carbon were observed depending on soil moisture 
conditions. Differences in organic carbon and particulate organic matter were 
observed between 6-inch soil layers, and cultivation caused redistribution of 
particulate organic matter and organic carbon. This experiment was carried out with 
bare fallow, therefore carbon dynamics may be different than when a crop is present. 
This is probably the reason why soil moisture affected the trends of total carbon and 
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particulate organic matter during the season. Nitrate nitrogen increased after plowing, 
probably an indication of increased nitrogen mineralization . 
The procedure for fractionation of soil for particulate organic matter analysis 
may take a lot of time depending on the number of samples. In general, it takes 
about 10 days to process a set of 50 samples from the time the samples arrive at the 
lab to the time they are ready for carbon determinations by the Carlo Erba dry 
combustion process. However, the simplicity of the procedure and the fact that 
different fractions can be isolated at the same time makes it a very useful way of 
trying to understand organic carbon dynamics in the soil. 
The study of the use of a chlorophyll meter as a tool for determining the 
nitrogen status of com was carried out at two sites. A study at a Cooperator's farm 
near Story City, Iowa, included four nitrogen fertilizer rates (60, 120, 180, 250) and 
a zero fertilizer treatment as a control. Measurements with the chlorophyll meter 
were taken at V6, V9 and V15 growth stages. The results of this study showed 
significant differences between the treatments at the three growth stages. The 
chlorophyll meter identified the treatments that received high nitrogen as being 
different from those that received none or low rates of nitrogen. Although significant 
differences were observed at all the three growth stages of sampling, the results of the 
first two stages (V6 and V9) may be of practical use. At early stages the deficiency 
can be alleviated by addition of fertilizer to improve yields of the deficient sites. 
There were highly significant correlations between chlorophyll meter readings, tissue 
nitrogen and fertilizer rates. This is clear evidence that the chlorophyll meter can be 
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used to determine the nitrogen status of com. 
The second study conducted to evaluate the use of the chlorophyll meter was 
carried out at the Iowa State University Experiment Station near Nashua. Studies at 
this site evaluated the chlorophyll meter under two tillage practices with manure or 
nitrogen fertilizer, and in a corn-soybean rotation or continuous com cropping 
sequence. Chlorophyll meter readings were taken at V6, V9, V12, V15, and VT. 
Significant differences in chlorophyll meter readings were observed at V6, V12 and 
V15 growth stages. There was poor correlation between chlorophyll meter readings, 
tissue nitrogen and fertilizer rates. However, chlorophyll meter readings showed a 
better correlation with yield than that of tissue nitrogen with yield. The crop suffered 
soil moisture stress during early growth and in the reproductive stages. This may 
partly explain the poor correlation between tissue nitrogen and chlorophyll meter 
readings. It would be expected that limitations to nitrogen uptake would affect 
chlorophyll content as well as grain yield. However, the better correlation between 
chlorophyll meter readings and yield may imply that under conditions of limited soil 
moisture, the chlorophyll meter gives a better yield prediction than tissue nitrogen 
analysis. The chlorophyll meter clearly identified treatments that received manure 
and those in a continuous com rotation. It also identified the early season differences 
between no-till and chisel plow tillage treatments. These results show that the 
chlorophyll meter can be used to determine plant nitrogen status of com under 
different management systems. 
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The use of the chlorophyll meter as a tool to determine plant nitrogen status is 
effective and takes less time to collect mough data than soil or plant sampling. It 
took about a half hour per plot (.4 ha) to take the 270 readings. More time may be 
required later in the season as it takes more time to walk through the field and to 
position the leaf for measurement. 
The work presented in this dissertation shows that particulate organic matter is 
affected by cultivation and may reflect changes in organic carbon over short periods 
of time. Cultivation causes a decline in organic carbon, and fluctuation in total 
carbon is observed during the season. Nitrate nitrogen increased after plowing, 
indicating increased mineralization rates. 
The chlorophyll meter studies show that this tool is an alternative method of 
determining plant nitrogen status instantaneously. Spatial variability in nitrogen 
availability can be easily identified and corrected for in a timely manner to improve 
com grain yield. 
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APPENDIX A 
CHANGES IN PARTICULATE ORGANIC MATTER AFTER PLOWING OF 
FORMER CONSERVATION RESERVE PROGRAM LANDS. 
The data were obtained from samples of four sites with three dq)ths per site 
collected weekly from Mid-June to end of October 1995. The fourth site was removed 
and the remaining data were combined into bi-weekly data. The analyzed data combined 
the first two depths of the bi-weekly data into one depth. More details are shown in the 
"Materials and Methods" section in Chapter 2. 
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Date of Site 
Samplint 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
Depth 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
NO3-N 
Om/g) 
71.88 
43.41 
16.9 
10.15 
3 
3.78 
74.83 
46.81 
14.93 
10.29 
2.75 
1.91 
37.17 
114.49 
10.84 
20.87 
7.31 
6.93 
4.82 
6.97 
6.12 
8.45 
8.51 
26.86 
13.62 
109.02 
5.63 
3.22 
7.1 
17.58 
60.52 
39.14 
8.33 
88.36 
11.81 
21.33 
21.91 
114.04 
57.98 
20.05 
43.495 
53.48 
37.985 
9.75 
NH4-N 
CM9/g) 
13.29 
10 
13.32 
10.04 
10.1 
10.1 
10 
10.04 
10.07 
10.07 
10.11 
10.12 
11.48 
13.63 
10.04 
14.83 
10.08 
4.11 
18.56 5.23 
2.7 
1.68 
7.32 
4.01 
3.42 
17.53 
2.05 
2.46 
9.2 
3.36 
7.43 
4.69 
1.83 
2.6 
3.78 
3.51 
3.61 
5.54 
2.78 
5.895 
7.73 
8.495 
4.29 
2.635 
Total N 
(%N) 
0.2447 
0.2169 
0.1879 
0.1808 
0.1201 
0.1255 
0.2536 
0.2226 
0.1983 
0.1932 
0.1328 
0.1187 
0.2325 
0.2977 
0.1954 
0.1983 
0.1442 
0.1558 
0.1374 
0.1537 
0.193 
0.1867 
0.1921 
0.1764 
0.1343 
0.1544 
0.1812 
0.225 
0.1928 
0.351 
0.1566 
0.1326 
0.1932 
0.1626 
0.2238 
0.2274 
0.1576 
0.2019 
0.2163 
0.2419 
0.2024 
0.4346 
0.2445 
0.2571 
0.1778 
0.2254 
0.2074 
0.2002 
0.1446 
Total C 
(%C) 
2.6385 
Z4553 
2.2148 
2.0952 
1.409 
1.4665 
2.8847 
2.5621 
2.2521 
2.2751 
1.388 
1.2405 
2.5788 
3.3781 
2.0918 
2.2159 
1.6327 
1.6944 
1.7522 
1.8526 
2.402 
2.2174 
2.2343 
2.2125 
1.5766 
1.8404 
2.0996 
2.6446 
2.2398 
3.8165 
1.7586 
1.4544 
2.254 
1.7889 
2.5443 
2.5337 
1.7643 
2.1821 
2.3311 
2.7839 
2.377 
5.0771 
2.7611 
2.8257 
2.1362 
2.4572 
2.2628 
2.341 
1.5034 
Total C 
(9) 
0.2638 
0.2455 
0.2215 
0.2095 
0.1409 
0.1466 
0.2885 
0.2562 
0.2252 
0.2275 
0.1388 
0.124 
0.2579 
0.3378 
0.2092 
0.2216 
0.1633 
0.1694 
0.1752 
0.1853 
0.2402 
0.2217 
0.2234 
0.2213 
0.1577 
0.184 
0.21 
0.2645 
0.224 
0.3817 
0.1759 
0.1454 
0.2254 
0.1789 
0.2544 
0.2534 
0.1764 
0.2182 
0.2331 
0.2784 
0.2377 
0.5077 
0.2761 
0.2826 
0.2136 
0.2457 
0.2263 
0.2341 
0.1503 
Mineral N 
(%) 
0.241072 
0.233454 
0.202409 
0.204005 
0.152303 
0.161995 
0.23718 
0.24739 
0.223319 
0.206631 
0.165292 
0.130158 
0.212123 
0.258244 
0.196218 
0.19549 
0.15209 
0.161325 
0.14622 
0.117643 
0.208196 
0.192737 
0.18948 
0.183337 
0.133408 
0.145105 
0.193435 
0.220156 
0.187848 
0.265303 
0.182723 
0.145043 
0.199466 
0.241773 
0.211028 
0.169082 
0.199229 
0.197843 
0.227337 
0.220511 
0.211477 
0.200032 
0.257524 
0.18128 
0.185701 
0.186464 
0.175509 
0.130651 
Mineral C 
(*) 
2.26424 
2.299266 
1.987987 
2.127999 
1.475542 
1.565966 
Z257549 
2.35691 
2.225353 
2.28554 
1.507928 
1.34394 
2.234707 
2.560492 
2.085524 
2.083446 
1.628859 
1.743116 
1.758376 
1.384666 
2.281337 
2.193042 
2.104762 
2.174098 
1.55187 
1.72684 
2.159679 
2.383503 
2.098412 
2.502471 
2.016715 
1.546148 
2.128306 
2.446052 
2.244468 
1.759122 
2.049613 
2.196028 
2.397424 
2.349201 
2.17708 
2.116606 
2.598641 
2.069568 
2.07246 
2.088347 
2.133097 
1.49707 
Mineral C 
(g) 
0.210574 
0.217741 
0.19025 
0.203224 
0.142537 
0.150333 
0.213113 
0.2199 
0.217639 
0.20867 
0.147023 
0.125121 
0.205817 
0.220714 
0.196248 
0.196886 
0.151484 
0.161587 
0.167397 
0.130851 
0.215358 
0.2079 
0.197216 
0.205235 
0.150066 
0.164222 
0.201498 
0.208318 
0.19788 
0.228476 
0.191588 
0.146884 
0.198358 
0.226015 
0.20896 
0.163598 
0.18754 
0.208183 
0.220084 
0.222234 
0.201815 
0.197268 
0.224523 
0.193803 
0.191382 
0.195351 
0.199035 
0.137857 
Mineral 
wt 
9.3 
9.47 
9.57 
9.55 
9.66 
9.6 
9.44 
9.33 
9.78 
9.13 
9.75 
9.31 
9.21 
8.62 
9.41 
9.45 
9.3 
9.27 
9.52 
9.45 
9.44 
9.48 
9.37 
9.44 
9.67 
9.51 
9.33 
8.74 
9.43 
9.13 
9.5 
9.5 
9.32 
9.24 
9.31 
9.3 
9.15 
9.48 
9.18 
9.46 
9.27 
9.32 
8.64 
9.365 
9.24 
9.355 
9.34 
9.2 
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3 1 
3 2 
3 2 
3 2 
3 2 
3 2 
3 2 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 4 
3 4 
3 4 
3 4 
3 4 
3 4 
•1 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
2 
2 
2 
2 
2 
2 
3 59.605 5.66 0.2856 
1 25.195 14.04 0.2181 
1 36.695 10.47 0.2448 
2 42.215 4.78 0.2144 
2 68.37 4.83 0.2694 
3 15.585 2.97 0.1778 
3 18.735 3.05 0.1719 
1 32.55 6.48 0.2246 
1 21.13 14.3 0.2057 
2 27.495 6.3 0.209 
2 61.12 11.23 0.2364 
3 36.425 10.07 0.162 
3 74.475 8.205 0.2107 
1 43.395 11.155 0.2314 
1 31.265 11.64 0.2073 
2 29.565 8.36 0.2171 
2 69.345 8.01 0.2877 
3 12.53 10.455 0.1924 
3 70.06 11.005 0.2193 
1 47.31 6.46 0.1962 
1 36.305 6.96 0.208 
2 68.03 6.605 0.2756 
2 53.595 4.725 0.2468 
3 14.73 3.755 0.1668 
3 18.96 2.95 0.1488 
1 48.7 6.49 0.2169 
1 68.995 3.46 0.3139 
2 46.23 6.355 0.2189 
2 35.865 2.975 0.2379 
3 17.695 3.62 0.1795 
3 21.125 3.345 0.1876 
1 34.105 5.28 0.2147 
1 42.375 5.78 0.2156 
2 100.37 4.665 0.2758 
2 68.115 4.755 0.2702 
3 20.985 4.18 0.1703 
3 18.095 4.465 0.1744 
1 30.52 5.98 0.185 
1 25.3 5.485 0.216 
2 77.54 4.32 0.2728 
2 39.26 4.805 0.243 
3 26.68 3.3 0.1739 
3 16.725 4.42 0.1655 
1 44.19 11.27 0.1944 
1 63.925 9.585 0.1924 
2 70.075 12.68 0.231 
2 89.48 12.155 0.2152 
3 15.965 10.975 0.1445 
3 17.08 11.53 0.1327 
1 33.625 11.065 0.1857 
1 33.485 7.665 0.1829 
2 68.23 10.22 0.2262 
2 31.43 7.11 0,1931 
3 18.545 11.03 0.132 
3 31.805 25.16 0.1469 
3.0026 
2.3767 
2.7536 
2.4054 
2.9657 
1.7723 
1.7939 
2.4964 
2.2173 
2.2877 
2.5334 
1.6549 
2.2309 
2.4286 
2.221 
2.4258 
3.3395 
2.0301 
2.2357 
2.2023 
2.2084 
2.9384 
2.8192 
1.6738 
1.4933 
2.2436 
3.5985 
2.3298 
2.436 
1.8203 
1.8255 
2.2362 
2.2334 
3.054 
2.9743 
1.545 
1.7488 
1.9151 
2.127 
3.0211 
2.342 
1.8928 
1.6373 
2.2675 
2.3691 
2.8448 
2.5963 
1.8634 
1.6723 
2.3089 
2.1846 
2.7686 
2.3268 
1.6828 
1.7114 
0.3003 
0.2377 
0.2754 
0.2405 
0.2966 
0.1772 
0.1794 
0.2496 
0.2217 
0.2288 
0.2533 
0.1655 
0.2231 
0.2429 
0.2221 
0.2426 
0.3339 
0.203 
0.2236 
0.2202 
0.2208 
0.2938 
0.2819 
0.1674 
0.1493 
0.2244 
0.3598 
0.233 
0.2436 
0.182 
0.1825 
0.2236 
0.2233 
0.3054 
0.2974 
0.1545 
0.1749 
0.1915 
0.2127 
0.3021 
0.2342 
0.1893 
0.1637 
0.2267 
0.2369 
0.2845 
0.2596 
0.1863 
0.1672 
0.2309 
0.2185 
0.2769 
0.2327 
0.1683 
0.1711 
0.123205 
0.18985 
0.191184 
0.188682 
0.244107 
0.162302 
0.150118 
0.200864 
0.20227 
0.193332 
0.19886 
0.167645 
0.175181 
0.20123 
0.160886 
0.194767 
0.224087 
0.16786 
0.175831 
0.197106 
0.19955 
0.220582 
0.222252 
0.145345 
0.141359 
0.205281 
0.262821 
0.213517 
0.204866 
0.178575 
0.170552 
0.197553 
0.213768 
0.224372 
0.225119 
0.146312 
0.157163 
0.212669 
0.204799 
0.239843 
0.211594 
0.190484 
0.269669 
0.207709 
0.188594 
0.190731 
0.209412 
0.156065 
0.148438 
0.207007 
0.18432 
0.215888 
0.182716 
0.197593 
0.150201 
1.434169 
Z107446 
Z146552 
2.127694 
Z22290S 
1.81035 
1.641108 
2.071468 
2.244889 
2.11692 
2.053332 
1.837419 
1.769033 
2.136942 
1.682737 
2.069491 
2.313615 
1.859578 
1.822241 
2.169462 
2.156551 
2.397599 
2.288919 
1.586334 
1.506176 
2.132091 
2.651037 
2.208041 
2.224286 
1.894418 
1.84495 
2.178053 
2.288854 
2.390464 
2.331453 
1.471647 
1.624189 
2.28855 
2.20983 
2.495468 
2.239431 
2.083214 
2.926997 
2.403103 
2.084408 
2.082896 
2.274366 
1.817267 
1.679462 
2.160471 
2.051537 
2.295979 
2.032948 
1.746482 
1.567437 
0.136575 
0.193567 
0.196267 
0.193538 
0.204952 
0.166683 
0.154685 
0.194563 
0.155483 
0.196432 
0.191943 
0.13213 
0.162321 
0.199326 
0.157504 
0.194842 
0.180314 
0.174986 
0.170646 
0.204169 
0.204657 
0.219421 
0.21113 
0.151003 
0.142622 
0.202789 
0.238063 
0.209087 
0.207756 
0.178081 
0.174277 
0.205473 
0.215153 
0.220036 
0.21528 
0.140387 
0.153993 
0.218018 
0.209484 
0.231829 
0.208293 
0.197604 
0.279404 
0.219323 
0.194386 
0.194648 
0.208814 
0.17041 
0.157583 
0.201547 
0.19161 
0.207275 
0.19016 
0.16327 
0.145375 
9.525 
9.185 
9.145 
9.095 
9.22 
9.22 
9.455 
9.395 
7.21 
9.28 
9.35 
7.695 
9.195 
9.34 
9.36 
9.415 
7.775 
9.41 
9.365 
9.42 
9.635 
9.185 
9.26 
9.525 
9.47 
9.515 
9.22 
9.475 
9.34 
9.4 
9.47 
9.435 
9.4 
9.21 
9.26 
9.535 
9.48 
9.525 
9.48 
9.29 
9.3 
9.485 
9.57 
9.16 
9.325 
9.345 
9.19 
9.385 
9.38 
9.335 
9.34 
9.06 
9.355 
9.365 
9.275 
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5 3 1 107.54 57.985 0.2436 2.7975 
5 3 1 52.14 20.515 0.1831 2.166 
5 3 2 62.64 6.595 0.216 2.5085 
5 3 2 113.99 7.515 0.3115 3.804 
5 3 3 21.22 6.48 0.1204 1.566 
5 3 3 8.515 6.955 0.0973 1.0952 
5 4 1 32.24 35.54 0.1831 Z1562 
5 4 1 38.555 22.8 0.1916 2.2772 
5 4 2 35.31 6.615 0.189 2.437 
5 4 2 45.945 6.03 0.2136 2.6079 
5 4 3 22.46 6.025 0.1627 1.983 
5 4 3 19.99 8.64 0.1709 2.0527 
6 1 1 52.49 4.325 0.1568 2.1008 
6 1 1 89.995 5.215 0.1739 2.1863 
6 1 2 51.15 4.27 0.1803 2.3555 
6 1 2 74.91 5.06 0.1808 2.3821 
6 1 3 13.905 2.59 0.1179 1.4244 
6 1 3 33.125 2.715 0.1332 1.9262 
6 2 1 105.55 4.46 0.1885 2.1929 
6 2 1 103.16 4.54 0.2271 2.7513 
6 2 2 76.105 4.29 0.1918 2.3697 
6 2 2 45.655 4.51 0.1739 2.2329 
6 2 3 35.16 3.205 0.1375 1.6464 
6 2 3 20.24 4.97 0.1147 1.4787 
6 3 1 88.925 5.3 0.2329 2.8767 
6 3 1 50.295 5.225 0.1532 1.991 
6 3 2 51.21 5.015 0.187 2.1427 
6 3 2 43.745 7.19 0.1812 2.1171 
6 3 3 24.755 3.975 0.1443 1.5907 
6 3 3 39.7 4.39 0.1536 1.7502 
6 4 1 90.475 8.445 0.205 2.5618 
6 4 1 50.98 7.495 0.1896 2.2568 
6 4 2 77.885 7.035 0.2064 2.6331 
6 4 2 43.765 4.605 0.1955 2.2275 
6 4 3 39.96 3.855 0.1679 1.9679 
6 4 3 38.645 2.365 0.1803 2.1133 
1 1 88.325 9.265 0.2168 2.3317 
1 1 111.17 38.385 0.2517 2.8393 
1 2 87.725 40.795 0.2165 2.3927 
1 2 117.01 9.83 0.3355 3.683 
1 3 22.06 8.17 0.1255 1.4011 
1 3 29.1 3.955 0.1408 1.5461 
2 1 98.42 8.455 0.2537 2.9334 
2 1 75.52 6.325 0.2209 2.3632 
2 2 82.62 5.85 0.2038 2.2129 
2 2 55.185 5.075 0.2073 2.3327 
2 3 25.335 3.925 0.1356 1.3935 
2 3 19.905 3.405 0.1434 1.4779 
3 1 79.86 6.335 0.1929 1.9914 
3 1 60.93 9.455 0.2167 2.3234 
3 2 80.935 6.565 0.2118 2.21 
3 2 53.655 7.435 0.2006 2.1552 
3 3 44.33 7.04 0.1601 1.679 
3 3 52.53 7.17 0.178 1.9138 
4 1 15.095 5.79 0.1912 1.9999 
0.2798 0.221751 2.296167 0.207585 9.04 
0.2166 0.247127 2.552361 0.238347 9.335 
0.2508 0.198325 2.126225 0.194935 9.185 
0.3804 0.167966 1.735124 0.154335 8.935 
0.1566 0.160714 1.710215 0.156958 9.165 
0.1095 0.110857 1.090837 0.101345 9.29 
0.2156 0.186217 2.029621 0.190994 9.41 
0.2277 0.188332 2.062984 0.193721 9.39 
0.2437 0.190765 2.104999 0.195331 9.29 
0.2608 0.212155 2.28145 0.211724 9.285 
0.1983 0.153731 1.775096 0.165536 9.305 
0.2053 0.169548 1.896503 0.174151 9.19 
0.2101 0.195945 2.208324 0.209112 9.47 
0.2186 0.200394 2.163995 0.203161 9.39 
0.2355 0.201253 2.238493 0.21091 9.42 
0.2382 0.20836 2.252997 0.207109 9.195 
0.1424 0.13704 1.568187 0.146897 9.375 
0.1926 0.158971 1.812377 0.168865 9.335 
0.2193 0.207181 2.196463 0.205301 9.35 
0.2751 0.226493 2.396644 0.220796 9.22 
0.237 0.175201 1.901011 0.174264 9.175 
0.2233 0.190786 2.13769 0.199233 9.32 
0.1646 0.196812 2.094543 0.190034 9.075 
0.1479 0.166798 1.828891 0.171881 9.4 
0.2877 0.235231 2.416523 0.215897 9 
0.1991 0.177808 2.087266 0.19476 9.34 
0.2143 0.201984 2.119698 0.19749 9.325 
0.2117 0.201712 2.17192 0.204556 9.42 
0.1591 0.176267 1.902247 0.180646 9.5 
0.175 0.169787 1.865961 0.173697 9.31 
0.2562 0.215597 2.307857 0.215442 9.335 
0.2257 0.21171 2.253855 0.212609 9.435 
0.2633 0.243227 2.616987 0.236837 9.05 
0.2227 0.200884 2.231316 0.20949 9.4 
0.1968 0.184172 2.012715 0.177559 8.745 
0.2113 0.197058 2.209859 0.206604 9.35 
0.2332 0.200278 2.258734 0.209617 9.28 
0.2839 0.216563 2.359107 0.217049 9.2 
0.2393 0.202535 2.256882 0.208026 9.22 
0.3683 0.262853 2.730352 0.247355 9.055 
0.1401 0.132449 1.626231 0.152575 9.385 
0.1546 0.146882 1.706621 0.159108 9.32 
0.2933 0.210451 2.234982 0.207062 9.27 
0.2363 0.201893 2.225218 0.206213 9.27 
0.2213 0.194187 2.152859 0.199458 9.275 
0.2333 0.1879 2.167979 0.199318 9.2 
0.1393 0.142094 1.538454 0.143326 9.325 
0.1478 0.136102 1.542423 0.144525 9.37 
0.1991 0.190895 2.041899 0.189232 9.27 
0.2323 0.184653 2.005626 0.185721 9.26 
0.221 0.200645 2.236688 0.20374 9.12 
0.2155 0.203846 2.246238 0.207211 9.225 
0.1679 0.157502 1.708075 0.157476 9.22 
0.1914 0.168969 1.875139 0.175125 9.34 
0.2 0.194224 2.082829 0.195153 9.37 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
10 
10 
106 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
93.21 
14.775 
70.63 
38.73 
63.235 
83.69 
61.78 
61.61 
64.47 
24.56 
18.18 
85.715 
56.245 
72.965 
55.425 
26.325 
15.94 
50.335 
44.705 
84.11 
55.275 
47.43 
12.845 
55.755 
70.09 
62.29 
74.795 
37.51 
76.48 
83.71 
63.78 
74.365 
117.91 
26.335 
28.01 
37.11 
50.1 
49.35 
42.65 
26.83 
32.67 
77.835 
43.65 
83.185 
45.745 
24.4 
31.245 
42.365 
24.27 
36.73 
32.655 
42.05 
34.815 
38.415 
54.035 
9.345 
4.885 
7.765 
4.44 
6.545 
6.98 
6.955 
6.645 
6.07 
4.065 
4.8 
8.685 
8.55 
9.435 
7.57 
4.08 
5.56 
9.88 
8.125 
9.48 
8 
5.64 
5.3 
6.43 
8.345 
8.12 
6.135 
5.8 
5.355 
6.305 
6.065 
5.86 
4.795 
4.945 
2.06 
3.87 
3.27 
3.66 
3.3 
2.205 
3.25 
3.935 
7.135 
5.325 
4.965 
4.13 
3.675 
5.2 
4.975 
4.5 
4.42 
3.555 
3.655 
6.85 
5.97 
0.2435 
0.1913 
0.2194 
0.1953 
0.2032 
0.1993 
0.189 
0.1845 
0.202 
0.1296 
0.1222 
0.2058 
0.1751 
0.3283 
0.1979 
0.1163 
0.1349 
0.1794 
0.186 
0.2148 
0.1937 
0.162 
0.1168 
0.1809 
0.2023 
0.2003 
0.2019 
0.1752 
0.1988 
0.1746 
0.1763 
0.1705 
0.2673 
0.1283 
0.1267 
0.1548 
0.148 
0.1913 
0.1703 
0.1233 
0.1353 
0.1866 
0.171 
0.2133 
0.1698 
0.1325 
0.137 
0.1778 
0.1836 
0.171 
0.1706 
0.1683 
0.165 
0.1872 
0.1962 
2.5983 
2.0277 
2.3213 
2.1127 
2.1843 
2.4116 
2.183 
2.2411 
2.3952 
1.6067 
1.5104 
2.4545 
2.0491 
4.3524 
2.3867 
1.3124 
1.6088 
2.1153 
2.1968 
2.5811 
2.3317 
1.9663 
1.3484 
2.0999 
2.4471 
2.3537 
2.325 
2.1135 
2.35 
2.1164 
2.1647 
2.0632 
3.4222 
1.6342 
1.6322 
2.0136 
1.8729 
2.3926 
2.0676 
1.4869 
1.5601 
2.1629 
2.1668 
2.6076 
2.0948 
1.5628 
1.6511 
2.1584 
2.1836 
2.0713 
2.1186 
2.1094 
2.0483 
2.2388 
2.3573 
0.2598 
0.2028 
0.2321 
0.2113 
0.2184 
0.2412 
0.2183 
0.2241 
0.2395 
0.1607 
0.151 
0.2455 
0.2049 
0.4352 
0.2387 
0.1312 
0.1609 
0.2115 
0.2197 
0.2581 
0.2332 
0.1966 
0.1348 
0.21 
0.2447 
0.2354 
0.2325 
0.2113 
0.235 
0.2116 
0.2165 
0.2063 
0.3422 
0.1634 
0.1632 
0.2014 
0.1873 
0.2393 
0.2068 
0.1487 
0.156 
0.2163 
0.2167 
0.2608 
0.2095 
0.1563 
0.1651 
0.2158 
0.2184 
0.2071 
0.2119 
0.2109 
0.2048 
0.2239 
0.2357 
0.211232 
0.187948 
0.210402 
0.196837 
0.210411 
0.197231 
0.188592 
0.206679 
0.195575 
0.137198 
0.136733 
0.214236 
0.182968 
0.248085 
0.166598 
0.15414 
0.148535 
0.193277 
0.190981 
0.225314 
0.198805 
0.191455 
0.147417 
0.192665 
0.195781 
0.194281 
0.215706 
0.184754 
0.222025 
0.187902 
0.181338 
0.1673 
0.208976 
0.134927 
0.143549 
0.150077 
0.169835 
0.184297 
0.180439 
0.140829 
0.140677 
0.183192 
0.170289 
0.203768 
0.183642 
0.142302 
0.155411 
0.187157 
0.180724 
0.163957 
0.179768 
0.170972 
0.165533 
0.197694 
0.200597 
2.278536 
2.092407 
2.261624 
2.193508 
2.25587 
2.188055 
2.159156 
2.278461 
2.207481 
1.69036 
1.623199 
2.304062 
2.042314 
2.792002 
1.884667 
1.647406 
1.66484 
2.120572 
2.106551 
2.438031 
2.270572 
2.066962 
1.594365 
2.141407 
2.192316 
2.177609 
2.330014 
2.065169 
2.420055 
2.196777 
2.059077 
2.009225 
2.370723 
1.639516 
1.725834 
1.774187 
1.786532 
2.134181 
2.060938 
1.529934 
1.594493 
1.979375 
1.90047 
2.322119 
2.03269 
1.58085 
1.666057 
2.106373 
2.123992 
1.872899 
2.149931 
2.079386 
1.951672 
2.216496 
2.245115 
0.207969 
0.198165 
0.206104 
0.206358 
0.204886 
0.203937 
0.184874 
0.209803 
0.190967 
0.157877 
0.15226 
0.206497 
0.189527 
0.243122 
0.171561 
0.150149 
0.153441 
0.196617 
0.194986 
0.2232 
0.209394 
0.187952 
0.147798 
0.19797 
0.201808 
0.2022 
0.215221 
0.192559 
0.223239 
0.204751 
0.188186 
0.18564 
0.214939 
0.153 
0.16033 
0.188435 
0.157048 
0.196095 
0.191363 
0.142197 
0.146124 
0.180618 
0.175031 
0.212346 
0.187015 
0.146347 
0.153227 
0.194732 
0.194536 
0.166164 
0.200245 
0.19276 
0.18239 
0.203798 
0.207141 
9.125 
9.47 
9.115 
9.41 
9.115 
9.32 
8.54 
9.215 
8.69 
9.34 
9.38 
8.99 
9.28 
8.83 
9.11 
9.115 
9.215 
9.27 
9.255 
9.17 
9.225 
9.1 
9.27 
9.245 
9.205 
9.285 
9.245 
9.325 
9.23 
9.315 
9.14 
9.24 
9.085 
9.335 
9.29 
9.15 
8.78 
9.215 
9.285 
9.295 
9.15 
9.13 
9.22 
9.18 
9.2 
9.255 
9.215 
9.245 
9.165 
8.83 
9.315 
9.275 
9.36 
9.196 
9.2265 
107 
10 1 2 55.99 5.66 0.2018 25994 0.2599 0.207058 2.319385 0.211587 9.121 
10 1 2 84.855 6.455 0.2542 3.1343 0.3134 0.182408 2.093238 0.191999 9.151 
10 1 3 17.74 1.69 0.1185 1.5941 0.1594 0.149052 1.746832 0.161649 9.2605 
10 1 3 37.26 2.585 0.1203 1.5222 0.1522 0.179771 2.035715 0.183153 9.0405 
10 2 1 35.085 6.61 0.1713 2.1109 0.2111 0.19281 2.185249 0.197908 9.0595 
10 2 1 31 6.65 0.1817 Z2366 0.2237 0.199926 2.224591 0.198395 8.918 
10 2 2 52.21 5.6 0.1823 2.1111 0.2111 0.202275 2.265504 0.203637 8.988 
10 2 2 45.805 5.38 0.16 1.8999 0.19 0.182921 2.052309 0.186088 9.0585 
10 2 3 38.085 2.815 0.1399 1.615 0.1615 0.149896 1.650491 0.149904 9.0895 
10 2 3 27.135 4.13 0.1202 1.4671 0.1467 0.15415 1.682684 0.15234 9.057 
10 3 1 18.82 5.74 0.1666 2.0269 0.2027 0.200419 2.177962 0.195674 8.984 
10 3 1 54.02 8.5 0.2497 3.0125 0.3012 0.234334 2.442771 0.21408 8.759 
10 3 2 31.905 5.57 0.1681 2.0269 0.2027 0.193479 2.164169 0.195515 9.0365 
10 3 2 64.74 4.93 0.1859 2.2568 0.2257 0.219765 2.338892 0.213421 9.122 
10 3 3 29.09 2.475 0.1403 1.6273 0.1627 0.178907 1.854855 0.167871 9.0495 
10 3 3 20.6 3.285 0.1166 1.3681 0.1368 0.153318 1.605847 0.145241 9.051 
10 4 1 50.805 4.995 0.1828 2.1251 0.2125 0.199012 2.186833 0.199769 9.1355 
10 4 1 50.565 5.645 0.2294 2.7858 0.2786 0.204608 2.253104 0.201292 8.903 
10 4 2 59.49 4.665 0.2149 2.5326 0.2533 0.225395 2.413128 0.216073 8.951 
10 4 2 33.965 3.985 0.1826 2.2183 0.2218 0.200639 2.198202 0.19753 9.078 
10 4 3 23.73 3.37 0.1649 2.0257 0.2026 0.20302 2.250547 0.203022 9.059 
10 4 3 23.83 3.665 0.1784 2.1436 0.2144 0.201234 2.155359 0.191417 8.7585 
108 
Date of Site 
Sampling 
Depth pH 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
3 
1 
1 
2 
2 
3 
5.68 
5.96 
5.61 
5.61 
5.64 
5.79 
5.76 
5.69 
5.54 
5.88 
5.83 
5.77 
5.63 
6.08 
5.64 
5.7 
5.85 
5.79 
5.97 
6.17 
6.17 
6.36 
6.19 
6.4 
6.24 
6.41 
6.4 
6.41 
6.38 
6.24 
6.57 
6.56 
6.4 
6.54 
6.2 
6.54 
6.63 
6.51 
6.36 
6.63 
6.6 
6.66 
6.33 
6.3 
5.76 
6.09 
5.61 
5.94 
5.77 
POMC 
(9) 
0.0533 
0.0278 
0.0312 
0.0063 
0.0754 
0.0363 
0.0076 
0.0188 
0.0521 
0.1171 
0.0129 
0.0247 
0.0118 
0.0079 
0.0078 
0.0544 
0.0248 
0.0138 
0.0262 
0.016 
0.0076 
0.0198 
0.0085 
0.0561 
0.0261 
0.1532 
POMC 
(% oftti) 
20.1914 
11.3193 
14.099 
3.00707 
26.1234 
14.1715 
3.35963 
8.27937 
20.189 
34.6629 
6.18454 
11.1499 
7.21867 
4.63439 
4.46475 
29.3693 
10.3438 
6.23935 
11.7327 
7.23999 
4.81766 
10.7681 
4.02935 
21.2294 
11.653 
40.1355 
0.027 11.9979 
0.0284 
0.0444 
0.0128 
0.0307 
0.0249 
0.0583 
0.0155 
0.3059 
0.0788 
0.0581 
0.0198 
0.0543 
0.0309 
0.0351 
0.0125 
11.1679 
17.5268 
7.27383 
14.0551 
10.6948 
20.9431 
6.50627 
60.2497 
28.5544 
20.5436 
9.24965 
20.8961 
13.4751 
14.7267 
8.3946 
Min. C 
(%ofttl) 
79.8086 
88.6807 
85.901 
96.9929 
101.165 
102.513 
73.8766 
85.8285 
96.6404 
91.7206 
105.926 
100.863 
79.811 
65.3371 
93.8155 
88.8501 
92.7813 
95.3656 
95.5352 
70.6307 
89.6562 
93.7606 
88.2673 
92.76 
95.1823 
89.2319 
95.9707 
78.7706 
88.347 
59.8645 
108.943 
100.994 
88.0021 
88.8321 
82.4732 
92.7262 
85.9449 
89.3052 
79.0569 
93.4937 
39.7503 
71.4456 
79.4564 
90.7503 
79.1039 
86.5249 
85.2733 
91.6054 
moisture 
(%) 
21.0675 
24.55 
23.9145 
26.0983 
24.8434 
25.1016 
23.609 
27.4294 
25.4965 
25.255 
27.0727 
27.8974 
22.9508 
24.6008 
23.1028 
22.9274 
25.96 
26.9913 
27.88 
27.8234 
25.5121 
26.8193 
28.6607 
28.6168 
17.1722 
19.1888 
20.4811 
26.7156 
28.3224 
28.447 
11.2297 
14.4551 
21.0162 
41.4282 
26.9913 
28.2232 
11.3677 
19.2443 
16.593 
23.2321 
27.8939 
31.5693 
19.1211 
16.8913 
21.6118 
28.4873 
29.3585 
30.529 
22.6229 
25.429 
26.349 
31.4145 
29.834 
C:N Ratio 
9.392367 
9.848894 
9.82163 
10.43113 
9.688175 
9.666756 
9.518285 
9.527117 
9.964898 
11.06097 
9.122792 
10.32548 
10.53494 
9.915013 
10.62862 
10.65758 
10.70983 
10.80498 
12.02556 
11.77004 
10.95765 
11.37843 
11.1081 
11.85848 
11.63249 
11.90062 
11.16488 
10.82643 
11.17077 
9.432499 
11.03704 
10.65993 
10.67003 
10.11714 
10.63589 
10.40397 
10.28773 
11.09987 
10.54569 
10.65345 
10.29462 
10.58136 
10.09089 
11.45743 
11.16448 
11.24477 
12.16556 
11.48442 
Pom Weight 
(%ofttl) 
0.5327482 
0.27792584 
0.31225885 
0.06300556 
0.75358273 
0.36308475 
0.07566073 
0.1883606 
0.52063283 
1.17094053 
0.12937119 
0.24707406 
0.1178591 
0.07852486 
0.07823166 
0.54409668 
0.24846156 
0.1383484 
0.26214497 
0.16018737 
0.07595584 
0.19817626 
0.08459937 
0.56143519 
0.26100561 
1.53178944 
0.27043543 
0.28414577 
0.44407135 
0.12833331 
0.3066954 
0.2493102 
0.5830271 
0.15465388 
3.05892693 
0.78841374 
0.58050729 
0.19817566 
0.54339653 
0.30929567 
0.35066616 
0.12483409 
3 
3 
3 
3 
3 
3 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
109 
1 3 5.81 0.1637 
2 1 5.83 0.0441 
2 1 5.93 0.0791 
2 2 5.76 0.047 
2 2 6.1 0.1941 
2 3 5.91 0.0105 
2 3 6 0.0247 
3 1 5.85 0.0551 
3 1 5.85 0.0662 
3 2 5.87 0.0323 
3 2 5.93 0.0614 
3 3 5.86 0.0334 
3 3 6.04 0.0608 
4 1 5.84 0.0435 
4 1 5.66 0.0646 
4 2 5.57 0.0477 
4 2 5.77 0.1536 
4 3 5.9 0.028 
4 3 5.84 0.0529 
1 1 6.38 0.0161 
1 1 6.22 0.0168 
1 2 6.15 0.0744 
1 2 6.67 0.0708 
1 3 6.1 0.0164 
1 3 6.38 0.0067 
2 1 6.19 0.0216 
2 1 6.37 0.2712 
2 2 6.19 0.0239 
2 2 6.52 0.0358 
2 3 6.44 0.0039 
2 3 6.4 0.0083 
3 1 6.29 0.0181 
3 1 6.1 0.0082 
3 2 6.36 0.0854 
3 2 6.29 0.0822 
3 3 6.29 0.0141 
3 3 6.47 0.0209 
1 6.05 -0.027 
1 6.12 0.0028 
2 6.49 0.0703 
2 6.12 0.0211 
3 6.27 -0.008 
3 6.37 -0.116 
1 1 5.65 0.0074 
1 1 5.58 0.0425 
1 2 5.55 0.0898 
1 2 5.6 0.0508 
1 3 5.7 0.0159 
1 3 5.74 0.0096 
2 1 5.73 0.0293 
2 1 5.81 0.0268 
2 2 6 0.0696 
2 2 5.86 0.0425 
2 3 5.93 0.005 
2 3 5.97 0.0258 
39.307 60.693 30.3445 
18.4049 81.5951 21.196 
28.716 71.284 24.468 
19.0471 80.9529 26.7565 
41.4423 117.115 37.0217 
6.00652 93.9935 29.6724 
14.183 85.817 31.5517 
21.0706 78.9294 24.5746 
29.0741 70.9259 21.9797 
13.4325 86.5675 26.7864 
23.1345 76.8655 26.135 
19.3152 80.6848 32.8862 
24.9456 75.0544 31.9668 
17.5971 82.4029 26.0539 
29.0112 70.9888 23.0986 
19.6604 80.3396 28.2332 
43.7168 56.2832 30.0125 
13.7891 86.2109 29.7142 
22.845 77.155 32.901 
7.32336 92.6766 28.758 
7.59885 92.4012 27.349 
21.2567 78.7433 36.3353 
21.7265 78.2735 38.7573 
9.92022 90.0798 30.8429 
4.59809 95.4019 30.8674 
9.55774 90.4423 29.1406 
53.2568 46.7432 31.9846 
9.76139 90.2386 32.8608 
14.6233 85.3767 33.9895 
2.17158 97.8284 32.5436 
3.86542 96.1346 30.8383 
7.83314 92.1669 28.2292 
3.56093 96.4391 30.2452 
27.64 72.36 38.3822 
21.8415 78.1585 37.9101 
8.76387 91.2361 34.6511 
11.9506 88.0494 32.6834 
-17.41 117.41 28.867 
I.33784 98.6622 28.9781 
23.0511 76.9489 35.3752 
9.00119 90.9988 31.0476 
-6.2905 106.291 34.332 
-71.854 171.854 33.2241 
3.23806 96.7619 23.1319 
17.7783 82.2217 24.5326 
28.0273 71.9727 32.2744 
19.5023 80.4977 31.0726 
9.05039 90.9496 29.8757 
5.9057 94.0943 30.1635 
12.5329 87.4671 24.8859 
II.6025 88.3975 25.4368 
20.8243 79.1757 28.2731 
18.2779 81.7221 27.0201 
2.63785 97.3622 30.4641 
14.7874 85.2126 30.8597 
11.64937 1.63684349 
11.18201 0.44101364 
11.28097 0.79089204 
11.36499 0.4700296 
9.106286 1.94089577 
11.34242 0.10543819 
10.82898 0.24708278 
10.31191 0.5508165 
11.05363 0.66242555 
11.09403 0.32335574 
10.32587 0.61401945 
10.74594 0.33365024 
10.33531 0.6076889 
10.60368 0.43533936 
10.56395 0.64598099 
10.64129 0.47736679 
10.43822 1.53635809 
11.1206 0.28026225 
10.48615 0.52920664 
11.01233 0.16060035 
10.80707 0.16830478 
10.93354 0.74419254 
10.27447 0.70790406 
10.89932 0.16377515 
10.63417 0.06703602 
10.38297 0.21569334 
10.08686 2.71236837 
10.33515 0.23895185 
10.86059 0.35844039 
10.6082 0.03944477 
10.80653 0.08271024 
11.02799 0.18146402 
10.70934 0.0819154 
10.65234 0.85366785 
10.43183 0.82151933 
10.05613 0.14110732 
10.33497 0.20891333 
10.76468 -0.2651059 
10.80427 0.0284558 
10.43329 0.70278855 
10.59358 0.21080781 
10.9514 -0.0832 
10.69853 -1.1567667 
11.68717 0.0742432 
11.07682 0.42526674 
10.92268 0.89832614 
10.90647 0.5081767 
11.64983 0.15925446 
11.28927 0.09646773 
10.43417 0.2934537 
11.14141 0.26848849 
10.77684 0.69580546 
11.13059 0.42522706 
9.295837 0.05007644 
10.45931 0.25766295 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
110 
3 1 5.65 0.0722 
3 1 5.7 -0.022 
3 2 5.7 0.0559 
3 2 5.8 0.2261 
3 3 5.71 -4E-04 
3 3 5.81 0.0082 
4 1 5.45 0.0246 
4 1 5.55 0.034 
4 2 5.5 0.0484 
4 2 5.49 0.0491 
4 3 5.72 0.0328 
4 3 5.67 0.0311 
1 1 5.7 0.001 
1 1 5.64 0.0155 
1 2 5.76 0.0246 
1 2 5.91 0.0311 
1 3 5.83 -0.004 
1 3 5.81 0.0238 
2 1 5.8 0.014 
2 1 6.11 0.0543 
2 2 6.13 0.0627 
2 2 6.02 0.0241 
2 3 5.98 -0.025 
2 3 5.95 -0.024 
3 1 5.9 0.0718 
3 1 5.72 0.0043 
3 2 5.81 0.0168 
3 2 5.77 0.0072 
3 3 6.04 -0.022 
3 3 5.97 0.0013 
4 1 5.68 0.0407 
4 1 5.75 0.0131 
4 2 5.88 0.1449 
4 2 5.95 0.0133 
4 3 5.81 0.0192 
4 3 6.02 0.0047 
1 1 5.15 0.0235 
1 1 5.71 0.0669 
1 2 5.14 0.0312 
1 2 5.75 0.1209 
1 3 5.72 -0.012 
1 3 5.98 -0.004 
2 1 5.61 0.0863 
2 1 5.67 0.0301 
2 2 5.63 0.0218 
2 2 5.77 0.034 
2 3 5.83 -0.004 
2 3 5.91 0.0033 
3 1 5.44 0.0099 
3 1 5.57 0.0466 
3 2 5.72 0.0173 
3 2 5.32 0.0083 
3 3 5.74 0.0104 
3 3 5.53 0.0163 
4 1 5.55 0.0048 
25.5304 74.4696 26.4571 
-9.2241 109.224 25.4658 
20.6475 79.3525 32.1648 
56.5986 43.4014 36.9138 
-0.0076 100.008 31.7035 
7.27556 92.7244 32.8683 
10.898 89.102 23.853 
14.9219 85.0781 25.097 
18.9576 81.0424 28.1607 
18.1412 81.8588 30.9448 
17.0147 82.9853 33.3148 
15.0522 84.9478 29.357 
0.3749 99.6251 20.2796 
6.76415 93.2358 19.7287 
9.30813 90.6919 26.4839 
12.6092 87.3908 26.8125 
-2.976 102.976 26.2246 
10.0395 89.9605 28.3067 
6.4101 93.5899 19.824 
19.7096 80.2904 22.6536 
26.205 73.795 27.986 
10.8271 89.1729 25.5929 
-17.36 117.36 29.8871 
-16.445 116.445 28.3232 
22.3862 77.6138 22.9658 
2.16302 97.837 22.8566 
7.86048 92.1395 26.6346 
3.22236 96.7776 27.4099 
-14.587 114.587 31.7703 
-1.68 101.68 32.1306 
15.8932 84.1068 17.5541 
5.77463 94.2254 15.3099 
59.2167 81.5667 27.611 
6.01341 93.9866 25.2146 
10.4893 89.5107 32.9137 
2.22654 97.7735 30.444 
10.0209 89.9791 23.4124 
23.3099 76.6901 23.4484 
12.5113 87.4887 31.0178 
32.3336 67.6664 32.6864 
-8.8175 108.818 27.4185 
-3.6572 103.657 27.7829 
25.5787 74.4213 25.2237 
12.588 87.412 23.6516 
9.74258 90.2574 29.9125 
14.2971 85.7029 29.8231 
-3.012 103.012 28.4996 
2.22924 97.7708 28.625 
4.96214 95.0379 24.5956 
18.2762 81.7238 25.2864 
7.04124 92.9588 31.2905 
3.71751 96.2825 29.8882 
5.88628 94.1137 33.277 
8.59632 91.4037 31.4368 
2.26581 97.7342 22.2567 
10.35487 0.72167398 
10.32478 -0.217504 
10.71637 0.55912509 
10.16095 2.26068717 
10.64646 -0.0035636 
9.854033 0.08170156 
10.91553 0.24626189 
10.9548 0.34003271 
11.05033 0.4837212 
10.75439 0.49063904 
11.49604 0.32762656 
11.20066 0.31119692 
11.29217 0.00967413 
10.80002 0.15468052 
11.11761 0.24636692 
10.81198 0.31101772 
11.45265 -0.044547 
11.45925 0.23753592 
10.60703 0.13987828 
10.57819 0.5432952 
10.84287 0.62702567 
11.18487 0.24061415 
10.63812 -0.2538948 
10.96349 -0.2400866 
10.25353 0.71771741 
11.82997 0.0434465 
10.49006 0.16778695 
10.76694 0.07151279 
10.79021 -0.2157564 
10.99855 0.01325298 
10.72772 0.40738923 
10.66904 0.1307043 
10.75943 1.4489591 
11.1647 0.1325954 
10.94238 0.19226285 
11.26312 0.04721927 
11.278 0.23549976 
10.90071 0.66881287 
11.19358 0.31245766 
10.45311 1.20941029 
12.2696 -0.1246951 
11.64568 -0.0449492 
10.6457 0.86278489 
11.01985 0.30107589 
11.08206 0.21836419 
11.57086 0.33951569 
10.79827 -0.0398042 
11.32554 0.03268413 
10.69774 0.09913153 
10.8611 0.46619254 
11.13032 0.17261697 
11.05042 0.08310983 
10.85095 0.10424876 
11.09001 0.16256958 
10.73836 0.04840359 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
10 
10 
4 1 5.43 0.0519 
4 2 5.51 0.0046 
4 2 5.47 0.026 
4 3 5.57 0.0049 
4 3 5.71 0.0135 
1 1 5.82 0.0372 
1 1 6.01 0.0334 
1 2 5.91 0.0143 
1 2 6.2 0.0486 
1 3 6.07 0.0028 
1 3 6.09 -0.001 
2 1 6.05 0.039 
2 1 5.94 0.0154 
2 2 6.11 0.1921 
2 2 5.95 0.0671 
2 3 6.13 -0.019 
2 3 6.2 0.0074 
3 1 5.84 0.0149 
3 1 5.88 0.0247 
3 2 5.8 0.0349 
3 2 6.06 0.0238 
3 3 5.99 0.0087 
3 3 6.24 -0.013 
1 5.87 0.012 
1 6.04 0.0429 
2 5.89 0.0332 
2 6.13 0.0173 
3 6.03 0.0188 
3 6.2 0.0118 
1 1 5.61 0.0069 
1 1 5.79 0.0283 
1 2 5.75 0.0207 
1 2 5.73 0.1273 
1 3 5.94 0.0104 
1 3 5.94 0.0187 
2 1 6.16 0.0201 
2 1 6.53 0.0302 
2 2 6.75 0.0432 
2 2 6.31 0.0154 
2 3 6.8 0.0065 
2 3 6.36 0.0099 
3 1 6.06 0.0357 
3 1 6.17 0.0417 
3 2 6.12 0.0484 
3 2 6.07 0.0225 
3 3 6.33 0.0099 
3 3 6.14 0.0119 
1 6.21 0.0211 
1 6.09 0.0238 
2 6.15 0.041 
2 5.93 0.0116 
3 6.19 0.0182 
3 6.06 0.0224 
1 1 5.19 0.0201 
1 1 5.35 0.0286 
111 
18.9707 81.0293 25.9474 
2.26631 97.7337 28.4318 
11.2079 88.7921 29.468 
2.27325 97.7267 32.5991 
5.21161 94.7884 32.765 
14.0564 85.9436 21.5189 
15.4314 84.5686 21.2314 
6.15591 93.8441 24.4937 
18.3947 81.6053 24.8966 
•0.3481 100.348 24.7188 
-1.2745 101.275 24.583 
14.4106 85.5894 21.8724 
7.53908 92.4609 17.545 
32.3445 67.6555 27.015 
27.2722 72.7278 22.6496 
-15.593 115.593 26.6437 
0.89834 99.1017 24.5604 
7.06738 92.9326 20.0068 
10.5484 89.4516 22.6205 
13.2612 86.7388 29.0833 
9.78501 90.215 27.0318 
3.62209 96.3779 31.275 
-9.5888 109.589 29.4156 
5.72629 94.2737 19.5385 
16.8259 83.1741 18.9361 
14.1512 85.8488 26.919 
7.43596 92.564 25.6315 
8.61931 91.3807 29.2998 
5.12333 94.8767 29.3008 
3.03284 96.9672 21.3593 
13.0195 86.9805 22.4995 
10.0208 89.9792 24.5192 
37.1436 62.8564 29.1263 
6.18913 93.8109 25.0895 
10.4299 89.5701 26.0783 
9.62242 90.3776 21.7973 
15.6279 84.3721 21.2518 
18.0137 81.9863 26.5469 
7.37874 92.6213 22.9833 
2.46837 97.5316 25.953 
5.50418 94.4958 25.7819 
16.4759 83.5241 21.7811 
19.4956 80.5044 23.6119 
17.5115 82.4885 27.0787 
10.7189 89.2811 27.249 
7.02168 92.9783 27.513 
7.58589 92.4141 28.6291 
9.73872 90.2613 24.4867 
10.8849 89.1151 24.2609 
19.9277 80.0723 28.1289 
5.42661 94.5734 27.5718 
8.50708 91.4929 31.3838 
11.1254 88.8746 30.1147 
8.89323 91.1068 23.4172 
11.9744 88.0256 25.3311 
10.80431 0.51863496 
11.15283 0.04600523 
10.74895 0.26025988 
11.28256 0.04911353 
10.77207 0.13539501 
11.09662 0.37224074 
11.46594 0.3342639 
11.0196 0.14304929 
11.3267 0.48555744 
12.35758 0.02788794 
11.8966 -0.0122482 
10.78923 0.3895746 
11.19714 0.15379115 
11.32083 1.92123281 
11.32485 0.67112687 
10.69999 -0.1891344 
11.18814 0.07439178 
10.99065 0.14908737 
11.0403 0.24697585 
10.81087 0.3490533 
11.42057 0.23776877 
10.81863 0.08681674 
10.85519 -0.1295563 
11.14854 0.12023148 
11.22959 0.42897008 
11.28798 0.33169982 
10.86653 0.1728201 
11.18024 0.18788198 
10.89782 0.11765424 
11.68306 0.06885731 
11.4076 0.28287073 
12.01385 0.20683071 
11.44332 1.27276958 
12.15162 0.10423082 
12.02265 0.18669372 
11.86119 0.20062453 
10.51659 0.30239901 
11.61617 0.43167546 
11.42226 0.15396261 
10.88228 0.06495029 
11.3826 0.09887476 
10.81755 0.35673443 
11.19205 0.41651501 
11.47277 0.4840954 
11.09593 0.22464927 
11.12923 0.09931901 
10.69185 0.11879415 
11.2554 0.21103419 
11.77383 0.2382126 
11.41222 0.40966912 
11.9774 0.1161864 
12.15577 0.18180742 
11.86738 0.22439004 
11.21475 0.20084124 
11.20155 0.28590075 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
1 2 5.37 0.0483 
1 2 5.49 0.1214 
1 3 5.37 -0.002 
1 3 5.23 -0.031 
2 1 5.25 0.0132 
2 1 5.55 0.0253 
2 2 5.74 0.0075 
2 2 5.37 0.0039 
2 3 5.54 0.0116 
2 3 5.48 -0.006 
3 1 5.3 0.007 
3 1 5.33 0.0872 
3 2 5.26 0.0072 
3 2 5.12 0.0123 
3 3 5.4 -0.005 
3 3 5.41 -0.008 
1 5.06 0.0127 
1 5.35 0.0203 
2 5.44 0.0372 
2 5.34 0.0407 
3 5.38 0.0138 
3 5.51 0.0562 
112 
16.5545 83.4455 27.4846 
35.2785 64.7215 30.388 
-1.5851 101.585 27.5931 
-20.106 120.106 27.9336 
6.20578 93.7942 24.9287 
10.9804 89.0196 25.2538 
3.5021 96.4979 28.6491 
1.85161 98.1484 27.4227 
6.81392 93.1861 29.5018 
-3.9387 103.939 27.9437 
3.4541 96.5459 27.1186 
28.8575 71.1425 28.5837 
3.48573 96.5143 30.3289 
5.46107 94.5389 31.5839 
-3.3034 103.303 32.3423 
-8.0193 108.019 32.5283 
5.99357 94.0064 24.2286 
9.16441 90.8356 25.2761 
13.0985 86.9015 27.9742 
17.0685 82.9315 27.7727 
6.35131 93.6487 28.6712 
22.698 77.302 28.2752 
11.20132 0.48348019 
11.48821 1.21432758 
11.71796 -0.022427 
11.44706 -0.3092903 
11.33348 0.13186053 
11.13414 0.25266568 
11.19927 0.07469511 
11.2171 0.03902633 
11.0093 0.11596171 
10.91175 -0.0562855 
10.86734 0.0701383 
10.42655 0.87166835 
11.20099 0.07176369 
10.64755 0.12254931 
10.37581 -0.0513676 
10.44827 -0.0843026 
10.98932 0.12736542 
11.01181 0.20308404 
10.71978 0.37189447 
10.95599 0.40654694 
11.08536 0.1376907 
10.7107 0.56205318 
113 
Time Rep Depth N03 - N NH4 
Period 
' N Total N Total C Total C Mineral N Mineral C Mineral C Mineral 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
(M/g) (iig/g) (%N) (%C) (9) (%) (%) (g) wt 
1 1 57.645 11.645 0.231 2.547 0.255 0.237 2.282 0.214 9.385 
1 2 13.525 11.680 0.184 2.155 0.216 0.203 2.058 0.197 9.560 
1 3 3.390 10.100 0.123 1.438 0.144 0.157 1.521 0.146 9.630 
2 1 60.820 10.020 0.238 2.723 0.272 0.242 2.307 0.217 9.385 
2 2 12.610 10.070 0.196 2.264 0.226 0.215 2.255 0.213 9.455 
2 3 2.330 10.115 0.126 1.314 0.131 0.148 1.426 0.136 9.530 
3 1 75.830 12.555 0.265 2.978 0.298 0.235 2.398 0.213 8.915 
3 2 15.855 12.435 0.197 2.154 0.215 0.196 2.084 0.197 9.430 
3 3 7.120 7.095 0.150 1.664 0.166 0.157 1.686 0.157 9.285 
5 
5 
5 
5 
5 
4 
4 
4 
1 
1 
1 
2 
2 
2 
3 
3 
3 
4 
4 
4 
1 
1 
1 
2 
2 
2 
3 
3 
3 
4 
4 
4 
1 
1 
1 
2 
2 
2 
3 
3 
3 
4 
4 
4 
1 
1 
1 
2 
2 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
5.895 
18.560 
6.120 
8.450 
17.685 
61.320 
4.425 
12.340 
49.830 
48.345 
16.570 
67.975 
57.980 
31.773 
45.733 
34.678 
30.945 
55.293 
17.160 
26.840 
44.308 
55.450 
37.330 
49.455 
41.295 
41.808 
60.813 
16.845 
58.848 
41.048 
19.410 
38.240 
84.240 
19.540 
27.910 
58.400 
21.703 
54.058 
79.778 
16.523 
33.555 
49.830 
5.230 
2.700 
1.680 
5.665 
10.475 
2.255 
6.280 
6.060 
2.215 
3.645 
4.575 
2.780 
5.525 
6.393 
4.148 
12.255 
4.805 
3.010 
13.535 
11.595 
9.138 
11.398 
8.185 
10.730 
6.710 
5.665 
3.353 
4.975 
4.665 
3.483 
5.530 
4.710 
4.323 
5.733 
4.563 
3.860 
10.428 
12.418 
11.253 
9.365 
8.665 
0.146 
0.190 
0.184 
0.144 
0.203 
0.272 
0.145 
0.178 
0.226 
0.180 
0.229 
0.318 
0.251 
0.202 
0.204 
0.215 
0.231 
0.242 
0.175 
0.215 
0.223 
0.186 
0.219 
0.252 
0.206 
0.202 
0.261 
0.158 
0.265 
0.228 
0.184 
0.215 
0.273 
0.172 
0.182 
0.260 
0.170 
0.193 
0.223 
0.139 
0.184 
0.210 
1.802 
2.310 
2.223 
1.709 
2.372 
3.028 
1.606 
2.021 
2.539 
1.973 
2.558 
3.727 
2.793 
2.297 
2.302 
2.253 
2.565 
2.686 
1.783 
2.357 
2.411 
1.943 
2.325 
2.883 
2.133 
2.205 
2.879 
1.584 
2.921 
2.383 
1.823 
2.235 
3.014 
1.647 
1.895 
2.807 
1.765 
2.318 
2.721 
1.768 
2.247 
2.548 
0.180 
0.231 
0.222 
0.171 
0.237 
0.303 
0.161 
0.202 
0.254 
0.197 
0.256 
0.373 
0.279 
0.230 
0.230 
0.225 
0.257 
0.269 
0.178 
0.236 
0.241 
0.194 
0.232 
0.288 
0.213 
0.221 
0.288 
0.158 
0.292 
0.238 
0.182 
0.223 
0.301 
0.165 
0.189 
0.281 
0.177 
0.232 
0.272 
0.177 
0.225 
0.255 
0.132 
0.200 
0.186 
0.139 
0.207 
0.227 
0.164 
0.199 
0.226 
0.184 
0.213 
0.216 
0.229 
0.183 
0.181 
0.127 
0.191 
0.199 
0.156 
0.202 
0.196 
0.171 
0.181 
0.209 
0.172 
0.193 
0.221 
0.143 
0.220 
0.209 
0.175 
0.206 
0.225 
0.152 
0.209 
0.226 
0.230 
0.198 
0.200 
0.152 
0.196 
0.199 
1.572 
2.237 
2.139 
1.639 
2.272 
2.300 
1.781 
2.128 
2.345 
1.904 
2.297 
2.263 
2.358 
2.071 
2.111 
1.466 
2.127 
2.156 
1.726 
2.158 
2.085 
1.803 
1.910 
2.192 
1.841 
2.122 
2.343 
1.546 
2.281 
2.216 
1.870 
2.233 
2.361 
1.548 
2.249 
2.367 
2.505 
2.244 
2.179 
1.748 
2.106 
2.164 
0.149 
0.212 
0.201 
0.157 
0.205 
0.213 
0.169 
0.198 
0.217 
0.176 
0.214 
0.212 
0.211 
0.193 
0.197 
0.137 
0.195 
0.198 
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1 1 46.225 6.290 0.192 2.298 0.230 0.199 2.231 0.205 9.211 
1 2 70.423 6.058 0.228 2.867 0.287 0.195 2.206 0.202 9.136 
1 3 27.500 1.565 0.119 1.558 0.156 0.164 1.891 0.172 9.151 
2 1 33.043 6.630 0.176 2.174 0.217 0.196 2.205 0.198 8.989 
2 2 49.008 5.490 0.171 Z005 0.201 0.193 2.159 0.195 9.023 
2 3 32.610 3.473 0.130 1.541 0.154 0.152 1.667 0.151 9.073 
3 1 36.420 7.120 0.208 2.520 0.252 0.217 2.310 0.205 8.872 
3 2 48.323 5.250 0.177 2.142 0.214 0.207 2.252 0.204 9.079 
3 3 24.845 2.880 0.128 1.498 0.150 0.166 1.730 0.157 9.050 
4 1 50.685 5.320 0.206 2.455 0.246 0.201 2.199 0.200 9.019 
4 2 46.728 4.325 0.199 2.375 0.238 0.224 2.406 0.216 8.969 
4 3 23.780 3.518 0.172 2.085 0.208 0.202 2.203 0.197 9.024 
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2 3 2.98 0.0154 8.713 91.287 30.662 9.878 0.154 
3 1 2.84 0.0252 8.153 91.847 25.961 10.340 0.252 
3 2 2.88 0.1410 38.623 61.377 34.539 10.439 1.410 
3 3 2.88 0.0039 3.634 96.366 32.286 10.250 0.039 
4 1 2.75 0.0293 12.910 87.090 24.475 10.935 0.293 
4 2 2.75 0.0487 18.549 81.451 29.553 10.902 0.487 
4 3 2.85 0.0319 16.033 83.967 31.336 11.348 0.319 
1 1 5.67 0.0082 3.570 96.430 20.004 11.046 0.082 
1 2 5.83 0.0279 10.959 89.041 26.648 10.965 0.279 
1 3 5.82 0.0096 3.532 96.468 27.266 11.456 0.096 
2 1 5.95 0.0342 13.060 86.940 21.239 10.593 0.342 
2 2 6.07 0.0434 18.516 81.484 26.789 11.014 0.434 
2 3 5.96 -0.0247 -16.902 116.902 29.105 10.801 -0.247 
3 1 5.81 0.0381 12.275 87.725 22.911 11.042 0.381 
3 2 5.79 0.0120 5.541 94.459 27.022 10.629 0.120 
3 3 6.01 -0.0101 -8.133 108.133 31.950 10.894 -0.101 
4 1 5.71 0.0269 10.834 89.166 16.432 10.698 0.269 
4 2 5.92 0.0791 32.615 67.385 26.413 11.180 0.791 
4 3 5.91 0.0120 6.358 93.642 31.679 11.103 0.120 
1 1 5.43 0.0452 16.665 83.335 23.430 11.089 0.452 
1 2 5.44 0.0761 22.422 77.578 31.852 10.823 0.761 
1 3 5.85 -0.0085 -6.237 106.237 27.601 11.958 -0.085 
2 1 5.64 0.0582 19.083 80.917 24.438 10.833 0.582 
2 2 5.70 0.0279 1Z020 87.980 29.868 11.326 0.279 
2 3 5.87 -0.0004 -0.391 100.391 28.562 11.062 -0.004 
3 1 5.50 0.0283 11.619 88.381 24.941 10.779 0.283 
3 2 5.52 0.0128 5.379 94.621 30.589 11.090 0.128 
3 3 5.63 0.0133 7.241 92.759 32.357 10.970 0.133 
4 1 5.49 0.0284 10.618 89.382 24.102 10.771 0.284 
4 2 5.49 0.0153 6.737 93.263 28.950 10.951 0.153 
4 3 5.64 0.0092 3.742 96.258 32.682 11.027 0.092 
1 1 5.91 0.0353 14.744 85.256 21.375 11.281 0.353 
1 2 6.05 0.0314 12.275 87.725 24.695 11.173 0.314 
1 3 6.08 0.0008 -0.811 100.811 24.651 12.127 0.008 
2 1 5.99 0.0272 10.975 89.025 19.709 10.993 0.272 
2 2 6.03 0.1296 29.808 70.192 24.832 11.323 1.296 
2 3 6.16 -0.0057 -7.347 107.347 25.602 10.944 -0.057 
3 1 5.86 0.0198 8.808 91.192 21.314 11.015 0.198 
3 2 5.93 0.0293 11.523 88.477 28.058 11.116 0.293 
3 3 6.12 -0.0021 -2.983 102.983 30.345 10.837 -0.021 
4 1 5.96 0.0275 11.276 88.724 19.237 11.189 0.275 
4 2 6.01 0.0252 10.794 89.206 26.275 11.077 0.252 
4 3 6.11 0.0153 6.871 93.129 29.300 11.039 0.153 
1 1 2.85 0.0176 8.026 91.974 21.929 11.545 0.176 
1 2 2.87 0.0740 23.582 76.418 26.823 11.729 0.740 
1 3 2.97 0.0113 6.620 93.380 25.584 12.121 0.113 
2 1 3.17 0.0328 16.670 83.330 21.525 11.189 0.328 
2 2 3.27 0.0293 12.696 87.304 24.765 11.519 0.293 
2 3 3.29 0.0082 3.986 96.014 25.867 11.132 0.082 
3 1 3.06 0.0387 17.986 82.014 22.696 11.005 0.387 
3 2 3.05 0.0354 14.115 85.885 27.164 11.284 0.354 
3 3 3.12 0.0109 7.304 92.696 28.071 10.911 0.109 
4 1 3.08 0.0225 10.312 89.688 24.374 11.515 0.225 
4 2 3.02 0.0263 12.677 87.323 27.850 11.695 0.263 
4 3 3.06 0.0203 9.816 90.184 30.749 12.012 0.203 
10 
10 
10 
10 
10 
10 
10 
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10 
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1 1 5.27 0.0243 10.434 89.566 24.374 11.208 0.243 
1 2 5.37 0.0849 25.917 74.083 28.936 11.345 0.849 
1 3 5.30 -0.0166 -10.846 110.846 27.763 11.583 -0.166 
2 1 5.40 0.0192 8.593 91.407 25.091 11.234 0.192 
2 2 5.55 0.0057 2.677 97.323 28.036 11.208 0.057 
2 3 5.51 0.0030 1.438 98.562 28.723 10.961 0.030 
3 1 5.31 0.0471 16.156 83.844 27.851 10.647 0.471 
3 2 5.19 0.0097 4.473 95.527 30.956 10.924 0.097 
3 3 5.41 -0.0068 -5.661 105.661 32.435 10.412 -0.068 
4 1 5.20 0.0147 6.802 93.198 24.752 10.958 0.147 
4 2 5.39 0.0451 16.276 83.724 27.873 10.742 0.451 
4 3 5.44 0.0350 14.525 85.475 28.473 10.898 0.350 
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Time Rep Depth N03 
Period 
' N NH4 - N Total N Total C Total C Mineral N Mineral C Mineral C Mineral 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
1 
1 
2 
2 
3 
3 
4 
4 
1 
1 
2 
2 
3 
3 
4 
4 
1 
1 
2 
2 
3 
3 
4 
4 
1 
1 
2 
2 
3 
3 
4 
4 
1 
1 
2 
2 
3 
3 
4 
4 
1 
1 
2 
2 
3 
3 
4 
4 
1 
1 
2 
2 
3 
(Mg/g) (Mg/g) (%N) (%C) (g) (%) (%) (g) WL 
35.585 11.663 0.208 2.351 0.235 0.220 2.170 0.205 9.473 
3.390 10.100 0.123 1.438 0.144 0.157 1.521 0.146 9.630 
36.715 10.045 0.217 2.493 0.249 0.229 2.281 0.215 9.420 
2.330 10.115 0.126 1.314 0.131 0.148 1.426 0.136 9.530 
45.843 12.495 0.231 2.566 0.257 0.216 2.241 0.205 9.172 
7.120 7.095 0.150 1.664 0.166 0.157 1.686 0.157 9.285 
5.895 
12.340 
8.450 
39.503 
4.425 
31.085 
48.345 
42.273 
57.980 
38.753 
34.678 
43.119 
17.160 
35.574 
55.450 
43.393 
41.295 
51.310 
16.845 
49.948 
19.410 
61.240 
19.540 
43.155 
21.703 
66.918 
16.523 
41.693 
25.175 
84.078 
14.868 
38.013 
21.225 
67.136 
23.515 
82.616 
27.700 
58.544 
32.228 
65.776 
39.303 
101.056 
25.580 
77.936 
22.620 
68.845 
3.965 
1.680 
8.070 
2.255 
6.170 
2.215 
4.110 
2.780 
5.959 
4.148 
8.530 
3.010 
12.565 
9.138 
9.791 
10.730 
6.188 
3.353 
4.820 
3.483 
5.120 
4.323 
5.148 
3.860 
11.423 
11.253 
9.015 
18.095 
23.153 
6.718 
17.746 
7.333 
4.718 
2.653 
4.450 
4.088 
5.683 
4.183 
6.895 
3.110 
24.569 
6.063 
6.426 
3.665 
7.448 
0.146 
0.187 
0.144 
0.237 
0.145 
0.202 
0.180 
0.274 
0.251 
0.203 
0.215 
0.237 
0.175 
0.219 
0.186 
0.236 
0.206 
0.232 
0.158 
0.247 
0.184 
0.244 
0.172 
0.221 
0.170 
0.208 
0.139 
0.197 
0.139 
0.239 
0.109 
0.194 
0.167 
0.173 
0.126 
0.195 
0.126 
0.189 
0.149 
0.199 
0.174 
0.255 
0.133 
0.221 
0.140 
0.206 
1.802 
2.267 
1.709 
2.700 
1.606 
2.280 
1.973 
3.142 
2.793 
2.299 
2.253 
2.625 
1.783 
2.384 
1.943 
2.604 
2.133 
2.542 
1.584 
2.652 
1.823 
2.624 
1.647 
2.351 
1.765 
2.519 
1.768 
2.397 
1.697 
2.819 
1.331 
2.370 
2.018 
2.256 
1.675 
2.387 
1.563 
2.282 
1.670 
2.420 
2.041 
2.812 
1.474 
2.461 
1.436 
2.170 
0.180 
0.227 
0.171 
0.270 
0.161 
0.228 
0.197 
0.314 
0.279 
0.230 
0.225 
0.263 
0.178 
0.238 
0.194 
0.260 
0.213 
0.254 
0.158 
0.265 
0.182 
0.262 
0.165 
0.235 
0.177 
0.252 
0.177 
0.240 
0.170 
0.282 
0.133 
0.237 
0.202 
0.226 
0.168 
0.239 
0.156 
0.228 
0.167 
0.242 
0.204 
0.281 
0.147 
0.246 
0.144 
0.217 
0.132 1.572 0.149 9.485 
0.193 2.188 0.206 9.433 
0.139 1.639 0.157 9.590 
0.217 2.286 0.209 9.158 
0.164 1.781 0.169 9.500 
0.213 2.237 0.208 9.298 
0.184 1.904 0.176 9.225 
0.214 2.280 0.213 9.348 
0.229 2.358 0.211 8.980 
0.182 2.091 0.195 9.325 
0.127 1.466 0.137 9.363 
0.195 2.141 0.196 9.164 
0.156 1.726 0.161 9.338 
0.199 2.122 0.185 8.809 
0.171 1.803 0.147 8.445 
0.195 2.051 0.183 8.973 
0.172 1.841 0.173 9.388 
0.207 2.233 0.208 9.375 
0.143 1.546 0.147 9.498 
0.215 2.248 0.211 9.388 
0.175 1.870 0.176 9.435 
0.215 2.297 0.214 9.326 
0.152 1.548 0.147 9.508 
0.217 2.308 0.217 9.399 
0.230 2.505 0.239 9.528 
0.199 2.211 0.204 9.255 
0.152 1.748 0.164 9.383 
0.197 2.135 0.198 9.273 
0.174 1.657 0.154 9.320 
0.209 2.177 0.199 9.124 
0.136 1.401 0.129 9.228 
0.194 2.120 0.198 9.344 
0.162 1.836 0.170 9.248 
0.201 2.216 0.208 9.369 
0.148 1.690 0.158 9.355 
0.200 2.158 0.200 9.266 
0.182 1.962 0.181 9.238 
0.204 2.199 0.203 9.271 
0.173 1.884 0.177 9.405 
0.209 2.282 0.213 9.366 
0.191 2.111 0.192 9.048 
0.221 2.401 0.221 9.189 
0.140 1.666 0.156 9.353 
0.199 2.195 0.203 9.254 
0.139 1.540 0.144 9.348 
0.195 2.133 0.196 9.219 
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Time Rep Depth pH POM C POM C Min. C moisture C:N Ratio Pom Wt 
Period (g) (%ofttl) (%oftU) (%) (%ofttl) 
1 1 5.72 0.0296 12.154 87.846 23.908 9.874 0.296 
1 2 5.72 101.839 24.972 9.677 
2 1 5.72 0.0345 12.983 87.017 25.447 10.018 0.345 
2 2 5.80 103.395 27.485 9.724 
3 1 5.76 0.0517 18.047 81.953 23.395 10.434 0.517 
3 2 5.82 0.0098 5.927 94.073 26.476 10.757 0.098 
4 1 27.009 
4 2 6.07 0.0311 16.917 83.083 28.639 11.898 0.311 
2 1 1 6.28 0.0202 8.889 91.111 20.889 11.326 0.202 
2 1 2 6.33 0.0137 7.793 92.207 28.385 11.767 0.137 
2 2 1 6.36 0.0610 19.262 80.738 22.032 10.649 0.610 
2 2 2 6.57 104.969 27.607 10.848 
2 3 1 6.42 0.0317 13.173 86.827 17.609 10.523 0.317 
2 3 2 6.57 0.0218 10.664 89.336 29.732 10.346 0.218 
2 4 1 6.56 0.1011 24.598 75.402 21.528 10.648 1.011 
2 4 2 6.32 0.0684 24.549 75.451 29.944 10.336 0.684 
3 1 1 5.85 0.0350 14.587 85.413 26.454 11.508 0.350 
3 1 2 5.79 0.0881 23.851 76.149 30.089 11.567 0.881 
3 2 1 5.90 0.0911 26.903 73.097 27.361 11.147 0.911 
3 2 2 5.95 0.0176 10.095 89.905 30.612 11.086 0.176 
3 3 1 5.87 0.0538 21.678 78.322 24.869 10.696 0.538 
3 3 2 5.95 0.0471 22.130 77.870 32.426 10.541 0.471 
3 4 1 5.71 0.0774 27.496 72.504 26.850 10.562 0.774 
3 4 2 5.87 0.0405 18.317 81.683 31.308 10.803 0.405 
1 1 6.35 0.0444 14.502 85.498 32.800 10.791 0.444 
1 2 6.24 0.0115 7.259 92.741 30.855 10.767 0.115 
2 1 6.32 0.0574 16.513 83.487 31.994 10.478 0.574 
2 2 6.42 0.0061 3.018 96.982 31.691 10.707 0.061 
3 1 6.26 0.0485 15.219 84.781 33.692 10.705 0.485 
3 2 6.38 0.0175 10.357 89.643 33.667 10.196 0.175 
4 1 6.19 0.0126 0.049 99.951 31.067 10.649 0.126 
4 2 6.32 -0.0620 -39.072 139.072 33.778 10.825 -0.620 
5 1 1 2.80 0.0477 17.136 82.864 27.753 11.148 0.477 
5 1 2 2.86 0.0128 7.478 92.522 30.020 11.470 0.128 
5 2 1 2.93 0.0421 15.809 84.191 26.404 10.871 0.421 
5 2 2 2.98 0.0154 8.713 91.287 30.662 9.878 0.154 
5 3 1 2.86 0.0831 23.388 76.612 30.250 10.389 0.831 
5 3 2 2.88 0.0039 3.634 96.366 32.286 10.250 0.039 
5 4 1 2.75 0.0390 15.730 84.270 27.014 10.919 0.390 
5 4 2 2.85 0.0319 16.033 83.967 31.336 11.348 0.319 
6 1 1 5.75 0.0180 7.264 92.736 23.326 11.005 0.180 
6 1 2 5.82 0.0096 3.532 96.468 27.266 11.456 0.096 
6 2 1 6.01 0.0388 15.788 84.212 24.014 10.803 0.388 
6 2 2 5.96 -0.0247 -16.902 116.902 29.105 10.801 -0.247 
6 3 1 5.80 0.0250 8.908 91.092 24.967 10.835 0.250 
6 3 2 6.01 -0.0101 -8.133 108.133 31.950 10.894 -0.101 
6 4 1 5.81 0.0530 21.724 78.276 21.422 10.939 0.530 
6 4 2 5.91 0.0120 6.358 93.642 31.679 11.103 0.120 
1 1 5.44 0.0607 19.544 80.456 27.641 10.956 0.607 
1 2 5.85 -0.0085 -6.237 106.237 27.601 11.958 -0.085 
2 1 5.67 0.0430 15.552 84.448 27.153 11.080 0.430 
2 2 5.87 -0.0004 -0.391 100.391 28.562 11.062 -0.004 
3 1 5.51 0.0205 8.499 91.501 27.765 10.935 0.205 
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7 3 
7 4 
7 4 
8 1 
8 1 
8 2 
8 2 
8 3 
8 3 
8 4 
8 4 
9 1 
9 1 
9 2 
9 2 
9 3 
9 3 
9 4 
9 4 
10 1 
10 1 
10 2 
10 2 
10 3 
10 3 
10 4 
10 4 
2 5.63 
1 5.49 
2 5.64 
1 5.98 
2 6.08 
1 6.01 
2 6.16 
1 5.89 
2 6.12 
1 5.98 
2 6.11 
1 2.86 
2 2.97 
1 3.22 
2 3.29 
1 3.05 
2 3.12 
1 3.05 
2 3.06 
1 5.32 
2 5.30 
1 5.48 
2 5.51 
1 5.25 
2 5.41 
1 5.30 
2 5.44 
0.0133 
0.0218 
0.0092 
0.0334 
0.0008 
0.0784 
-0.0057 
0.0246 
•0.0021 
0.0263 
0.0153 
0.0458 
0.0113 
0.0311 
0.0082 
0.0370 
0.0109 
0.0244 
0.0203 
0.0546 
-0.0166 
0.0125 
0.0030 
0.0284 
-0.0068 
0.0299 
0.0350 
7.241 
8.678 
3.742 
13.510 
-0.811 
20.392 
-7.347 
10.165 
-2.983 
11.035 
6.871 
15.804 
6.620 
14.683 
3.986 
16.050 
7.304 
11.494 
9.816 
18.175 
-10.846 
5.635 
1.438 
10.315 
-5.661 
11.539 
14.525 
92.759 
91.322 
96.258 
86.490 
100.811 
79.608 
107.347 
89.835 
102.983 
88.965 
93.129 
84.196 
93.380 
85.317 
96.014 
83.950 
92.696 
88.506 
90.184 
81.825 
110.846 
94.365 
98.562 
89.685 
105.661 
88.461 
85.475 
32.357 
26.526 
32.682 
23.035 
24.651 
22.270 
25.602 
24.686 
30.345 
22.756 
29.300 
24.376 
25.584 
23.145 
25.867 
24.930 
28.071 
26.112 
30.749 
26.655 
27.763 
26.564 
28.723 
29.404 
32.435 
26.313 
28.473 
10.970 
10.861 
11.027 
11.227 
12.127 
11.158 
10.944 
11.066 
10.837 
11.133 
11.039 
11.637 
12.121 
11.354 
11.132 
11.145 
10.911 
11.605 
12.012 
11.276 
11.583 
11.221 
10.961 
10.786 
10.412 
10.850 
10.898 
0.133 
0.218 
0.092 
0.334 
0.008 
0.784 
-0.057 
0.246 
-0.021 
0.263 
0.153 
0.458 
0.113 
0.311 
0.082 
0.370 
0.109 
0.244 
0.203 
0.546 
-0.166 
0.125 
0.030 
0.284 
-0.068 
0.299 
0.350 
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APPENDIX B 
CHLOROPHYLL METER ASSESSMENTS OF NITROGEN IN CORN GROWN WITH 
DIFFERENT MANAGEMENT PRACTICES. 
Details are shown in the "Materials and Methods" section in Chapter 12. 
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Larson Farm chlorophyll meter reading 
Treatment Site 
0 kg/ha 
67 kg/ha 
134 kg/ha 
202 kg/ha 
280 kg/ha 
Date 1 Date 2 Date 3 
1 31.40 35.57 39.77 
2 34.30 35.13 40.37 
3 39.47 36.23 41.09 
4 38.37 36.47 41.48 
5 39.07 31.68 37.18 
6 36.60 32.57 36.68 
7 38.93 35.15 38.32 
8 35.67 35.05 40.90 
1 30.21 34.00 44.09 
2 30.92 33.29 46.29 
3 30.84 31.47 42.79 
4 30.20 32.99 45.42 
5 30.67 31.17 44.47 
6 35.59 37.21 45.76 
7 31.39 33.39 43.60 
8 34.74 35.86 43.78 
1 36.40 39.11 46.27 
2 35.73 40.09 48.14 
3 37.83 44.20 49.21 
4 42.34 44.77 48.60 
5 37.87 45.17 48.78 
6 40.77 45.27 48.70 
7 39.28 44.18 49.08 
8 43.69 43.73 48.03 
1 40.00 42.34 47.10 
2 40.32 43.98 47.78 
3 41.77 47.33 50.17 
4 42.46 47.31 49.76 
5 37.94 44.53 49.33 
6 41.41 44.33 47.73 
7 41.48 44.56 48.07 
8 37.46 45.80 49.78 
1 43.67 45.19 47.87 
2 42.62 46.32 47.88 
3 45.45 47.88 49.54 
4 44.48 46.81 48.84 
5 37.52 44.34 47.00 
6 38.75 45.97 47.40 
7 41.23 45.70 48.09 
8 44.02 46.87 48.62 
Larson Farm Plant Analysis 
Date Tile Rep 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 
3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 
3 8 
4 1 
4 2 
4 3 
4 4 
4 5 
4 6 
4 7 
4 8 
5 1 
5 2 
5 3 
5 4 
5 5 
5 6 
5 7 
5 8 
6 1 
6 2 
6 3 
6 4 
6 5 
6 6 
6 7 
Plant wt. %N 
50.28 2.527672 
34.92 1.428418 
40.45 2.715167 
52.50 2.614375 
24.32 1.815364 
35.51 2.003296 
22.56 1.495355 
45.42 2.747716 
54.76 2.046813 
45.89 1.513994 
47.37 1.993278 
34.00 2.492334 
22.20 2.204457 
42.22 2.238969 
36.80 1.760615 
50.92 2.405572 
26.58 1.9439 
32.68 1.731331 
21.75 1.236001 
22.58 1.697479 
21.86 1.532647 
15.62 1.587869 
31.20 1.939406 
12.99 1.536985 
27.00 1.988942 
55.50 2.941195 
51.40 2.858748 
42.38 2.784628 
28.18 2.013303 
51.84 3.576173 
44.04 3.439939 
38.08 1.295095 
13.89 1.66699 
30.73 2.110724 
38.63 2.002051 
30.14 2.382744 
37.63 2.239681 
31.24 1.863878 
21.87 1.327161 
43.00 1.89373 
16.72 1.678925 
30.54 1.76571 
24.93 1.649385 
22.37 1.501928 
27.61 
24.51 4.603349 
20.83 1.352385 
Plant N 
1.270913 
0.498803 
1.098285 
1.372547 
0.441496 
0.71137 
0.337352 
1.248012 
1.120835 
0.694772 
0.944216 
0.847394 
0.489389 
0.945293 
0.647906 
1.224917 
0.516689 
0.565799 
0.26883 
0.383291 
0.335037 
0.248025 
0.605095 
0.199654 
0.537014 
1.632363 
1.469396 
1.180125 
0.567349 
1.853888 
1.514949 
0.493172 
0.231545 
0.648626 
0.773392 
0.718159 
0.842792 
0.582275 
0.29025 
0.814304 
0.280716 
0.539248 
0.411192 
0.335981 
1.128281 
0.281702 
8 
9 
9 
9 
9 
9 
9 
9 
9 
10 
10 
10 
10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 
12 
12 
12 
13 
126 
8 20.52 1.867979 0.383309 
1 19.64 1.63663 0.321434 
2 13.49 1.571561 0.212004 
3 22.46 1.497111 0.336251 
4 19.67 1.574607 0.309725 
5 24.44 1.420203 0.347098 
6 30.70 2.167956 0.665562 
7 28.65 1.716164 0.491681 
8 36.01 2.327661 0.838191 
1 19.83 1.653659 0.327921 
2 27.24 1.513034 0.412151 
3 29.06 2.288216 0.664956 
4 43.47 2.633862 1.14494 
5 43.75 2.407354 1.053217 
6 50.50 1.8644 0.941522 
7 44.79 2.63031 1.178116 
8 34.55 1.935723 0.668792 
1 17.43 1.95 0.339885 
2 43.71 2.64 1.153944 
3 32.60 2.9 0.9454 
4 46.14 3.157 1.45664 
5 47.31 2.7 1.27737 
6 39.43 2.86 1.127698 
7 44.05 3.11 1.369955 
8 38.53 3.25 1.252225 
1 57.90 3.499531 2.026228 
2 54.89 2.977469 1.634333 
3 47.90 2.784476 1.333764 
4 62.45 2.686651 1.677814 
5 47.65 2.402482 1.144783 
6 63.82 2.551888 1.628615 
7 60.71 3.277633 1.989851 
8 73.64 2.742951 2.019909 
1 (Data not available) 
2 
3 
4 
5 
6 
7 
8 
1 (Data not available) 
2 
3 
4 
5 
6 
7 
8 
1 26.93 1.848137 0.497703 
127 
1 13 2 21.40 2.128089 0.455411 
1 13 3 62.58 2.389401 1.495287 
1 13 4 44.77 3.639386 1.629353 
1 13 5 24.40 2.028774 0.495021 
1 13 6 29.65 2.288415 0.678515 
1 13 7 33.92 2.644229 0.896922 
1 13 8 44.31 3.371177 1.493769 
1 14 1 26.01 1.829282 0.475796 
1 14 2 17.06 1.779889 0.303649 
1 14 3 40.86 2.016559 0.823966 
1 14 4 43.57 2.036523 0.887313 
1 14 5 36.16 1.989574 0.71943 
1 14 6 16.86 1.911551 0.322287 
1 14 7 29.57 1.831619 0.54161 
1 14 8 37.19 1.791758 0.666355 
2 1 1 172.75 2.28387 1.315128 
2 1 2 100.15 2.428617 0.810753 
2 1 3 107.25 2.435358 0.87064 
2 1 4 89.90 2.265933 0.679024 
2 1 5 121.50 2.300807 0.931827 
2 1 6 48.35 2.232634 0.359826 
2 1 7 101.40 1.93168 0.652908 
2 1 8 161.43 2.270279 1.221637 
2 2 1 140.80 2.181653 1.023922 
2 2 2 97.65 2.312303 0.752655 
2 2 3 110.15 2.520768 0.925542 
2 2 4 78.30 2.833279 0.739486 
2 2 5 101.05 2.386063 0.803706 
2 2 6 41.55 1.839104 0.254716 
2 2 7 77.45 2.377551 0.613804 
2 2 8 135.45 2.375463 1.072522 
2 3 1 46.74 1.805843 0.28135 
2 3 2 74.81 1.805843 0.450317 
2 3 3 67.39 1.805843 0.405652 
2 3 4 28.80 1.805843 0.173361 
2 3 5 71.45 1.805843 0.430092 
2 3 6 54.15 1.805843 0.325955 
2 3 7 38.68 1.805843 0.232833 
2 3 8 30.70 1.805843 0.184798 
2 4 1 133.55 2.532481 1.127376 
2 4 2 123.08 2.564161 1.05199 
2 4 3 82.30 2.808017 0.770333 
2 4 4 84.56 2.223819 0.62682 
2 4 5 63.51 3.118955 0.660283 
2 4 6 147.64 2.827838 1.391673 
2 4 7 119.20 2.726158 1.083193 
2 4 8 81.48 2.543467 0.690806 
2 5 1 89.00 2.30805 0.684722 
2 5 2 114.40 2.046556 0.78042 
2 5 3 101.10 1.794585 0.604775 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
10 
10 
10 
10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
128 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
123.90 
112.75 
111.60 
53.65 
57.10 
42.65 
71.22 
88.33 
44.95 
63.25 
56.57 
47.10 
69.28 
51.44 
46.00 
47.60 
72.70 
46.41 
94.35 
117.41 
66.71 
125.20 
99.95 
92.95 
132.85 
98.50 
120.25 
134.20 
133.70 
106.80 
96.43 
165.05 
154.24 
161.15 
124.30 
138.85 
132.80 
153.97 
157.90 
122.00 
131.31 
145.02 
68.10 
135.43 
176.73 
56.65 
92.75 
68.65 
83.85 
50.90 
2.12141 
1.578252 
2.0952 
1.850277 
1.681484 
2.518354 
2.059747 
1.624155 
1.925837 
1.670842 
1.930268 
1.787916 
1.949136 
1.84859 
1.953209 
1.816586 
1.638176 
1.514503 
2.201268 
1.88497 
1.285146 
2.480929 
2.249682 
1.864337 
2.475657 
2.463322 
2.153096 
2.291046 
2.49847 
2.378687 
2.480611 
2.288862 
2.620388 
2.590456 
2.423062 
2.464633 
2.983587 
2.348642 
2.292178 
2.307196 
1.901593 
2.212968 
2.005363 
2.234499 
2.048053 
1.732795 
1.864897 
1.719936 
1.722478 
1.549276 
0.876142 
0.59316 
0.779414 
0.330891 
0.320042 
0.358026 
0.488984 
0.478205 
0.288555 
0.352269 
0.363984 
0.280703 
0.45012 
0.316972 
0.299492 
0.288232 
0.396985 
0.234294 
0.692299 
0.737714 
0.285774 
1.035374 
0.749519 
0.577634 
1.096303 
0.808791 
0.863033 
1.024861 
1.113485 
0.846813 
0.797351 
1.259255 
1.347229 
1.391506 
1.003955 
1.140714 
1.320735 
1.205401 
1.20645 
0.93826 
0.832327 
1.069749 
0.455217 
1.008727 
1.206508 
0.327209 
0.576564 
0.393579 
0.481433 
0.262861 
129 
2 11 6 57.90 1.407472 0.271642 
2 11 7 89.00 1.560155 0.462846 
2 11 8 42.40 1.561703 0.220721 
2 12 1 128.68 2.722804 1.167901 
2 12 2 149.46 2.702246 1.346259 
2 12 3 103.85 2.962028 1.025355 
2 12 4 101.32 2.62156 0.885388 
2 12 5 118.69 2.64046 1.044654 
2 12 6 135.00 2.370317 1.066643 
2 12 7 167.94 2.423609 1.356736 
2 12 8 88.75 2.827443 0.836452 
2 13 1 85.35 2.319268 0.659832 
2 13 2 82.75 2.273683 0.627157 
2 13 3 166.70 2.521523 1.401126 
2 13 4 127.10 2.555394 1.082635 
2 13 5 95.45 2.51932 0.801563 
2 13 6 116.55 2.137749 0.830515 
2 13 7 133.05 2.616177 1.160274 
2 13 8 128.95 2.783663 1.196511 
2 14 1 83.30 1.690878 0.469501 
2 14 2 128.15 1.963657 0.838809 
2 14 3 91.50 1.555465 0.474417 
2 14 4 114.15 1.604537 0.610526 
2 14 5 104.70 1.649114 0.575541 
2 14 6 70.10 1.693288 0.395665 
2 14 7 113.90 1.506357 0.571914 
2 14 8 52.30 1.566995 0.27318 
3 1 1 187.23 1.831042 1.142753 
3 1 2 200.79 1.82157 1.219177 
3 1 3 231.64 2.218631 1.713079 
3 1 4 237.53 1.723836 1.364876 
3 1 5 251.86 2.109579 1.771062 
3 1 6 208.44 1.99362 1.385167 
3 1 7 174.12 1.954116 1.134169 
3 1 8 203.35 1.764362 1.195943 
3 2 1 1.265134 
3 2 2 117.13 1.524307 0.59514 
3 2 3 207.65 1.51088 1.045781 
3 2 4 220.09 1.803283 1.322948 
3 2 5 226.15 1.743218 1.314096 
3 2 6 165.91 1.150838 0.636452 
3 2 7 216.21 1.8575 1.3387 
3 2 8 239.99 1.677975 1.342324 
3 3 1 198.68 1.575462 1.043376 
3 3 2 205.12 1.818629 1.243457 
3 3 3 230.21 1.581364 1.213486 
3 3 4 255.38 1.509835 1.285273 
3 3 5 254.53 1.759914 1.493169 
3 3 6 145.73 1.318991 0.640722 
3 3 7 220.59 1.436797 1.056477 
130 
3 3 8 182.24 1.498576 0.81043 
3 4 1 141.10 1.554056 0.730924 
3 4 2 135.85 1.796057 0.813314 
3 4 3 200.80 2.063165 1.380945 
3 4 4 242.35 1.947906 1.573583 
3 4 5 213.50 2.502303 1.780805 
3 4 6 197.09 2.046159 1.344258 
3 4 7 155.78 1.632004 0.847445 
3 4 8 218.00 2.416794 1.756204 
3 5 1 
3 5 2 176.60 1.628181 0.958456 
3 5 3 141.60 1.211393 0.571778 
3 5 4 110.71 1.188383 0.438553 
3 5 5 132.34 1.429671 0.630676 
3 5 6 170.20 1.666012 0.945184 
3 S 7 57.02 0.809775 0.153911 
3 5 8 164.47 1.353993 0.742304 
3 6 1 129.55 1.470078 0.634829 
3 6 2 76.02 1.496403 0.379188 
3 6 3 114.65 1.324937 0.506347 
3 6 4 90.38 0.93957 0.283061 
3 6 5 229.39 1.690464 1.292585 
3 6 6 203.67 1.756831 1.192712 
3 6 7 182.77 1.644685 1.001997 
3 6 8 209.33 1.974822 1.377965 
3 7 1 72.30 2.243829 0.540763 
3 7 2 147.85 1.771491 0.87305 
3 7 3 148.25 1.322165 0.65337 
3 7 4 129.50 1.434924 0.619409 
3 7 5 128.25 1.362863 0.582624 
3 7 6 225.30 1.515824 1.138384 
3 7 7 132.85 1.027867 0.455174 
3 7 8 192.05 1.307681 0.837134 
3 8 1 85.05 0.877785 0.248852 
3 8 2 98.33 1.220462 0.400027 
3 8 3 87.65 1.514834 0.442584 
3 8 4 105.58 1.44762 0.509466 
3 8 5 133.35 1.75895 0.781853 
3 8 6 160.65 1.739339 0.931416 
3 8 7 130.50 1.24045 0.539596 
3 8 8 94.93 1.849123 0.585124 
3 9 1 188.87 1.689849 1.063873 
3 9 2 234.93 1.698251 1.3299 
3 9 3 153.40 1.902649 0.972888 
3 9 4 140.30 1.974765 0.923532 
3 9 5 181.78 1.787217 1.082934 
3 9 6 198.03 1.601 1.05682 
3 9 7 209.22 1.792533 1.250113 
3 9 8 178.00 2.003323 1.188638 
3 10 1 164.33 1.740308 0.953283 
131 
3 10 2 227.70 1.983252 1.505288 
3 10 3 187.80 1.916897 1.199977 
3 10 4 179.80 1.437946 0.861809 
3 10 5 176.80 1.707542 1.006312 
3 10 6 171.55 1.726842 0.987466 
3 10 7 152.10 1.66567 0.844495 
3 10 8 102.80 1.012078 0.346805 
3 11 1 85.30 1.349299 0.383651 
3 11 2 236.72 1.547303 1.220925 
3 11 3 214.85 1.459166 1.045006 
3 11 4 193.90 1.476917 0.95458 
3 11 5 151.42 1.479016 0.746509 
3 11 6 201.91 1.355781 0.912486 
3 11 7 214.00 1.370007 0.977272 
3 11 8 120.90 1.570326 0.632841 
3 12 1 164.20 1.710764 0.936358 
3 12 2 118.27 1.868607 0.736667 
3 12 3 151.63 2.185167 1.104456 
3 12 4 213.72 2.147717 1.530034 
3 12 5 146.17 1.691697 0.824251 
3 12 6 178.66 1.646768 0.980705 
3 12 7 180.46 1.697618 1.021174 
3 12 8 212.22 1.992574 1.409547 
3 13 1 216.71 1.843744 1.33186 
3 13 2 237.73 1.838659 1.457015 
3 13 3 206.19 2.031466 1.396227 
3 13 4 189.03 1.908681 1.20266 
3 13 5 138.04 1.828882 0.84153 
3 13 6 237.61 1.705639 1.350923 
3 13 7 233.85 2.039291 1.589628 
3 13 8 224.18 2.071222 1.547755 
3 14 1 119.53 1.729651 0.689151 
3 14 2 157.67 1.422192 0.747457 
3 14 3 125.50 1.469838 0.614882 
3 14 4 183.41 1.180078 0.72146 
3 14 5 161.65 1.518798 0.818379 
3 14 6 180.27 1.442464 0.866777 
3 14 7 122.85 1.039701 0.425757 
3 14 8 113.61 1.294324 0.490161 
132 
a chlorophyll meter readings 
m 
1 
Plot Site Date 1 Date 2 Date 3 Date 4 Date 5 
1 1 45.33 55.27 56.57 56.83 57.17 
1 1 2 45.20 54.40 55.83 58.27 58.27 
1 1 3 43.93 53.80 56.57 58.27 57.63 
1 2 1 46.43 55.43 55.07 58.40 58.17 
1 2 2 46.10 54.53 54.93 57.77 56.00 
1 2 3 48.13 54.43 56.97 57.80 56.17 
1 3 1 46.93 55.67 54.00 58.90 54.93 
1 3 2 45.83 53.27 54.33 55.17 53.57 
1 3 3 49.00 53.07 55.07 56.80 54.07 
2 1 1 43.53 57.37 56.20 58.07 58.83 
2 1 2 38.60 57.90 58.30 59.47 61.50 
2 1 3 45.67 55.90 57.23 58.73 59.23 
2 2 1 45.43 57.37 55.30 58.10 55.37 
2 2 2 40.80 55.90 54.43 58.37 55.37 
2 2 3 39.70 54.50 55.97 57.97 55.20 
2 3 1 44.70 55.93 57.73 57.80 57.20 
2 3 2 42.37 53.60 56.57 58.43 57.20 
2 3 3 45.33 52.67 56.50 58.07 56.77 
3 1 1 47.73 54.60 55.03 58.70 59.70 
3 1 2 48.93 55.27 56.80 58.10 58.47 
3 1 3 50.07 57.40 56.83 60.17 62.30 
3 2 1 49.37 56.23 56.00 55.03 57.30 
3 2 2 46.07 55.17 56.27 58.23 56.47 
3 2 3 47.97 57.03 57.73 59.60 56.13 
3 3 1 49.33 56.23 55.67 58.13 58.67 
3 3 2 51.67 58.70 58.17 61.57 63.33 
3 3 3 49.63 57.70 55.90 57.50 58.63 
1 1 52.10 59.57 59.17 59.23 62.17 
1 2 51.80 58.60 58.70 59.73 59.87 
1 3 52.70 58.07 58.50 60.90 62.27 
2 1 49.90 55.13 56.57 59.03 58.73 
2 2 50.73 55.83 57.90 60.97 60.17 
2 3 50.13 55.53 58.73 61.67 61.77 
3 1 51.80 53.67 53.57 56.37 56.00 
3 2 51.43 55.07 55.60 58.53 53.53 
3 3 53.20 57.23 56.33 59.63 56.43 
5 1 1 49.87 55.13 55.43 55.57 55.70 
5 1 2 47.20 55.23 54.63 55.93 56.83 
S 1 3 49.17 55.70 54.00 58.00 54.40 
5 2 1 46.70 52.50 54.00 54.67 55.60 
5 2 2 48.30 49.67 54.17 55.07 50.73 
5 2 3 48.30 49.67 54.17 55.07 50.73 
5 3 1 51.23 56.87 55.73 58.80 55.77 
5 3 2 48.83 53.80 52.77 56.77 55.63 
5 3 3 52.63 57.87 56.80 60.53 57.03 
6 1 1 45.40 51.73 51.57 54.50 55.90 
6 1 2 44.83 53.50 53.43 55.47 53.93 
133 
6 1 3 48.73 54.83 56.63 59.37 55.23 
6 2 1 49.00 53.20 54.40 56.47 53.33 
6 2 2 51.07 55.10 54.63 58.57 56.77 
6 2 3 50.03 54.63 54.80 57.03 53.03 
6 3 1 48.60 56.47 54.37 55.83 57.00 
6 3 2 46.70 54.20 53.27 56.53 55.17 
6 3 3 51.43 53.10 57.50 56.60 57.13 
1 1 47.93 53.33 55.43 55.00 55.70 
1 2 49.70 55.00 54.97 57.17 55.13 
1 3 47.83 53.83 56.70 57.77 57.77 
2 1 52.63 54.13 55.43 55.97 55.07 
2 2 49.43 53.70 52.97 56.40 57.63 
2 3 51.07 54.37 55.17 56.83 55.63 
3 1 50.73 56.40 54.77 57.03 55.10 
3 2 49.70 55.23 51.30 57.70 54.80 
3 3 50.40 55.50 54.83 58.70 53.60 
1 1 57.67 58.07 61.50 57.33 60.03 
